REPORT  DOCUMENTATION  PAGE 


Form  Approved  OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1 204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. _ 


1.  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

March  1995 

1995  Interim  Report 


TITLE  AND  SUBTITLE 


The  O.C.A  Schmidt  telescope  CCD  camera  controller 


5.  AUTHOR(S) 

Alain  Maury  (Amaury@obs-azur.fr) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Observatorie  de  la  Cote  d’Azur 

06460  Caussols 

France 

www.obs-nice.fr 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
EOARD 

PSC  802  Box  14 
FPO  AE  09499-0039 


5.  FUNDING  NUMBERS 

F61 708-93-W0076 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

S  PC-93-4007 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


SPC-93-4007 


11.  SUPPLEMENTARY  NO 

L_— — _ — — — _ — — - — 

12a.  DISTRIBUTION/AVAILABILITY  STATEMENT 

12b.  DISTRIBUTION  CODE 

Approved  for  Public  Release 

A 

12.  ABSTRACT  (Maximum  200  words) 

This  document  describes  a  new  CCD  camera  controller  adapted  to  Schmidt  telescopes.  If  several  large  CCD  detectors  can  be 
adapted  in  the  focal  plane  of  a  large  Schmidt  telescope,  deeper  digital  images  can  be  obtained,  the  operating  cost  of  a  CCD 
camera  is  several  orders  of  magnitudes  smaller  than  that  of  glass  photographic  plates.  This  also  opens  new  ways  of  using 
Schmidt  telescopes;  i.e.,  real  time  detection  of  celestial  sources. 

This  report  contaings  the  following  sections: 

Requirements  analysis 

Description  of  the  Loral  CCD442A  CCD 

Description  of  the  camera  controller 

Physical  implementation  of  a  mono  CCD  camera 

Physical  implementation  of  a  multi  CCD  camera 

Appendix  1:  Electronic  schematics  of  the  O.C.A.  CCD  camera  controller 

Appendix  2:  Data  sheets  of  the  main  components  of  the  O.C.A.  controller 

Appendix  3:  87C750  based  sequencer  software 


13.  SUBJECT  TERMS 

EOARD,  Foreign  reports,  Telescopes 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


NSN  7540-01-280-5500 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


19,  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


15.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


20.  LIMITATION  OF  ABSTRACT 


Standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  Std.  239-18 
298-102 


20030213  099 


The  O.C.A.  Schmidt 
telescope  CCD 
camera  controller 


Alain  Maury 
March  1995 


This  document  describes  a  new  multi  CCD  camera  controller  adapted  to 
Schmidt  telescopes. 

It  contains  the  following  sections  : 

-  Requirements  analysis 

-  Description  of  the  Loral  CCD442A  CCD 

-  Description  of  the  camera  controller 

-  Physical  implementation  of  a  mono  CCD  camera 

-  Physical  implementation  of  a  multi  CCD  camera 

The  schematics  of  the  controller  can  be  found  in  Appendix  1,  and  the  data 
sheets  of  all  the  major  components  in  Appendix  2.  Information  related  to 
the  microcontroller  and  its  software  can  be  found  in  Appendix  3. 
Appendix  4  contains  printouts  showing  the  cosmetic  quality  of  the  10 
CCDs  we  purchased  in  1994. 


Copies  Furnished  to  DTIC 
Reproduced  From 
Bound  Originals 


1 

/|Q  FoS-<35“'  <34  JO 


Reproduced  From 
Best  Available  Copy 


The  main  reason  leading  to  the  replacement  of  photographic  plates  by 
CCD  detectors  in  wide  field  telescopes  is  the  progressive  discontinuation 
of  photographic  plates  by  Eastman  Kodak.  The  second  factor  is  that  the 
price  of  large  CCDs  is  decreasing,  and  it  becomes  possible  to  build  a  large 
multi  CCD  camera  for  a  relatively  low  price.  If  several  large  CCD 
detectors  can  be  adapted  in  the  focal  plane  of  a  large  Schmidt  telescope, 
then  deeper  digital  images  can  be  obtained.  This  can  also  open  new  ways 
of  using  Schmidt  telescopes,  i.e.  real  time  detection  of  celestial  sources. 
This  project  has  been  mainly  oriented  toward  the  real  time  detection  of 
Earth  Grazing  Asteroids  (  EGA  ). 

Requirements  analysis 

The  first  step  is  to  determine  the  different  properties  of  the  electronic 
system  (  the  ’'controller"  )  required  to  drive  several  CCDs  at  the  focal 
plane  of  a  Schmidt  telescope. 

Schmidt  focal  sphere  :  A  typical  "big  Schmidt"  telescope  focal  plane  is  in 
the  order  of  30  to  35  cm  wide  on  a  side,  with  a  focal  length  not  too 
different  from  3.15  meters,  giving  a  scale  of  slightly  larger  than  1  arc 
minute  per  mm,  or  15  microns  per  arc  second.  In  the  Schmidt  telescope 
optical  design,  the  focal  locus  is  a  sphere,  and  this  requires  to  bend  the 
photographic  plates,  or  to  use  field  flattening  elements  in  front  of  flat 
detectors,  unless  they  intercept  a  part  of  the  sphere  small  enough  to  be 
considered  flat  (  typically  less  than  10  mm  wide  ).  In  our  case,  using 
individual  CCDs  which  are  30.72mm  on  a  side  would  lead  to  a 
defocalisation  of  +/-  37  microns  across  the  CCD  diagonal.  Such  a 
defocalisation  is  usually  clearly  visible  in  focus  plates,  and  could  also  cause 
deterioration  of  image  point  spread  function  (  psf  )  across  the  field  ( 
which  in  turn  could  give  inaccuracies  in  psf  based  photometry  ). 

Space  requirement :  The  small  size  of  CCD  detectors,  combined  with  the 
large  size  of  the  camera  dewars  and  electronics  have  prevented  their  use 
inside  Schmidt  telescopes  until  now  when  technology  and  reduced  price 
has  allowed  to  design  multi  CCD  cameras.  The  group  working  at  the 
University  of  Tokyo  is  the  current  leader  in  the  developement  of  multi 
CCD  arrays  for  wide  field  telescopes  with  an  array  of  4x8  IK  CCDs  in 
use  at  Las  Campanas  Observatory  in  Chile  and  another  2x8  IK  at  the  Kiso 
Schmidt  telescope.  Elsewhere,  when  CCDs  have  been  used  with  Schmidt 
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telescopes,  they  have  mainly  been  regular  observatory  cameras  used  either 
at  the  "newtonian"  Schmidt  focus,  (  Brorfelde,  CTIO,  KPNO,  Xinglong  ) 
i.e.  the  camera  being  mounted  alongside  the  telescope's  tube,  and  the 
optical  path  being  diverted  by  a  flat  mirror  at  45°  angle,  or  at  the 
Cassegrain  focus  (  Uppsala  ),  an  hyperbolic  mirror  bringing  the  optical 
path  behind  the  main  mirror.A  "true"  Schmidt  CCD  camera  has  to  contain 
many  large  chips,  using  very  compact  electronics  and  non  obstrusive 
cooling  systems.  Usual  cameras  are  mounted  at  the  back  of  the  telescope, 
and  space  is  not  a  major  problem.  A  typical  plate  holder  is  less  than  10 
centimetres  thick,  and  cannot  generate  much  heat  in  the  optical  path 
without  affecting  the  quality  of  the  images. 

Budget  requirement  :  Because  these  telescopes  are  usually  not  "hot  new" 
telescopes,  and  because  of  the  high  price  of  the  technology  used,  it  is 
important  to  find  ways  to  dramatically  lower  the  price  of  a  multi  CCD 
camera  so  as  to  be  able  to  convert  from  photography  to  CCDs.  For 
example,  a  typical  price  for  a  grade  1  thinned  2048*2048  pixel  chip  from 
SITE/Tektronix  is  in  the  order  of  $80,000.  A  typical  commercial  price 
for  a  single  camera  controller  without  CCD  is  in  the  order  of  $10,000. 
The  complete  price  of  such  a  multi  CCD  camera  using  commercial 
hardware,  not  taking  into  account  the  price  of  the  associated  computer 
system  could  easily  cost  several  years  of  the  regular  operating  budget  of 
these  instruments. 

Mechanical  requirement :  Since  flat  field  correction  lenses  should  be  used, 
it  is  preferred  to  place  small  piano  convex  lenses  in  front  of  each  CCD 
instead  of  a  single  large  lens  which  would  have  a  much  larger  chromatic 
aberration.  We  use  silica  piano  convex  lenses  of  1040  mm  radius  of 
curvature.  Simulations  made  by  an  optician  here  have  shown  that 
distorsion  and  other  aberrations  created  by  such  a  small  lens  are 
negligeable.  Because  the  focal  surface  of  a  Schmidt  telescope  is  spherical, 
each  CCD  must  be  positioned  precisely  tangent  to  this  sphere.  This 
involves  a  mechanism  able  to  place  the  CCD  in  height  (  focus  ),  local  tilt 
in  X  and  Y,  rotation  ( in  order  to  get  the  CCD  lines  oriented  in  respect  of 
the  right  ascension  and  declination  ),  and  translation  in  X  and  Y  in  order 
to  place  the  CCD  correctly  with  respect  to  the  other  CCDs.  This 
mechanism  has  to  be  relatively  compact  in  order  to  fit  inside  the 
telescope's  focal  plane.  This  can  be  done  either  during  assembly,  the  CCDs 
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being  glued  in  place,  (  preferably  the  right  one  ),  or  the  CCDs  can  be 
installed  on  adjustable  support,  which  can  be  adjusted  afterwards  if 
necessary.  Test  images,  similar  to  focus  plates  allow  to  measure  the 
relative  positioning  of  the  CCDs  and  permit  precise  corrections  to  be 
made.  An  iterative  alignment  process  should  be  completed  in  less  than  a 
week. 

CCD  arrangement  :  Off  the  shelf  CCDs  are  generally  not  bootable.  We 
chose  to  use  a  staggered  array  design  (  see  following  page  ),  which  allows 
independent  assembly  of  each  individual  CCD  camera.  9  CCDs  will  be 
used  in  this  camera,  giving  a  vertical  field  of  view  of  5  degrees,  i.e. 
compatible  with  the  regular  field  of  view  of  a  Schmidt  telescope.  Each 
CCD  is  separated  from  the  others  in  the  matrix  by  exactly  one  CCD  field. 
This  way  a  given  CCD  will  image  an  area  of  the  sky  comprised  in 
declination  between  the  one  above  it  and  the  one  below  it  in  the  other 
column  with  a  small  overlap.  Dealing  with  the  data  flow  of  such  a  camera 
is  possible  using  today's  computer  technology. 


Positioning  of  9  CCD  modules  in  the  focal  plane  of  the 
Schmidt  telescope 
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RA  shift  mode  :  Several 
exposures  with  a  30  arc  minutes 
drift  in  right  ascension  give  several 
overlapping  images  of  the  sky. 


Quad-exposure  mode  : 
4  individual  exposures 
recreate  a  contiguous  11 
square  degrees  exposure 


Exp.  #1 - 1 

Exp.  #2 - 

Exp.  #3  — 
Exp.  #4 


A  A 


etc... 


ui 

a> 

a> 

oo 

’S 

rt 

in 


;  1 

ill 

3 

m 

i 

2 

1 

ii 

3 

ill 

3 

gl 

.  ?. 

2 

111 

jfg 

3 

HI 

ill 

II 

1 

jig 

ii 

2 

3 

Hi 

3 

4 

ii 

ii 

111 

2 

3 

4 

3 

- ► 

2.2  degrees 


Readout  rate  :  A  typical  Schmidt  telescope  has  a  very  fast  F/ratio,  leading 
to  bright  images  which  are  always  photon  noise  limited.  When  a  small 
amount  of  Moon  and  cirruses  are  present  in  the  sky,  it  becomes  very 
difficult  to  obtain  images  which  are  not  saturated.  Under  these  conditions, 
it  can  be  proven  that  the  readout  time  of  the  CCD  must  be  relatively  short. 
Astronomers  tend  to  read  CCDs  at  a  typical  40000  pixels  per  seconds  rate 
so  as  to  preserve  a  low  readout  noise.  Increasing  this  rate  increases  the 
readout  noise  of  the  camera,  but  it  is  necessary  to  realise  that  the  value 
which  needs  to  be  improved  is  the  final  signal  to  noise  ratio  (  SNR )  of  the 
image.  And  because  of  our  fast  F/ratio,  time  is  better  spent  collecting 
photons  than  reading  them  with  the  uttermost  precision.  The  slight  loss  in 
SNR  is  easily  compensated  by  a  slightly  longer  integration,  much  shorter 
than  would  have  required  a  long  readout  time.  The  total  time  required  for 
the  exposure  is  the  exposure  time  "Te"  plus  the  readout  time  "Tr".  The 
readout  time  is  equal  to  the  total  number  of  electrons  collected  divided  by 
the  electron  flux  per  second.  This  number  of  electrons  is  equal  to  the 
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number  of  incident  photons  on  the  detector  times  its  quantum  efficiency  in 
the  given  passband. 


T  =  Te  +  Tr  =  — +  Tr 


A  simplified  expression  for  the  Signal  to  Noise  Ratio  of  the  sky  in  a  given 
CCD  exposure,  not  taking  thermal  current  into  account,  is  : 


SNR  = 


lE+RON2 


Where  RON  is  the  readout  noise  of  a  CCD  controller.  It  decreases  with 
the  square  root  of  the  readout  time.  If  the  readout  noise  has  a  given  value 
at  a  given  readout  time,  the  readout  noise  for  another  time  is  given  by  : 


RONt  =  RONox 


Squaring  equation  2,  and  inputing  equation  3  in  order  to  express  E  in 
function  of  a  "reference"  readout  time  gives  equation  4  : 


£*  =  SNR2  x(E  +  RONo2  x  —) 


Solving  equation  4  in  E  gives  equation  5  : 


2  .  A  To 


SNR 2  +  SNR  x  J SNR2  +  ARONo1  x 


Using  equation  1  and  5,  we  can  obtain  equation  6  which  gives  the  total 
exposure  time  versus  the  photon  flux,  the  controller  "reference"  readout 
noise  and  the  readout  time  : 


SNR2  SNR  C  2  A  nz-,,7  2  To  ( f,\ 

T  = - + - x  J  SNR  +  ARONo  x  —  +Tr  (o) 

2ip  V  T 

I  ran  a  short  simulation  using  a  spreadsheet  program  using  equation  6  with 
typical  values  in  order  to  plot  the  required  observing  time  (  exposure  plus 
readout )  versus  readout  time  for  different  sky  signal  to  noise  ratio.  To 


obtain  these  tables  I  used  the  case  of  a  controller  which  would  have  a 
readout  noise  of  ten  electrons  at  35000  pixels  per  second  readout  rate  (  28 
microseconds  per  pixel  ).  This  would  cause  a  2K  CCD  to  be  readout  in 
two  minutes.  I  took  3  different  electrons  fluxes  which  are  representative 
of  the  average  sky  brightnesses  at  our  site  in  different  conditions  (  without 
and  with  filters,  depending  of  the  filter  ). 

I  obtained  the  data  of  the  fourth  plot  using  the  optimum  points  obtained  in 
each  curve  of  the  first  three.  They  show  obviously  that  a  good  CCD 
controller  should  be  able  to  adjust  its  readout  rate  with  the  expected  sky 
flux  of  the  exposure  being  read.  It  also  means  for  example  that  an 
exposure  taken  with  an  optical  filter  should  not  use  the  same  readout  rate 
as  an  unfiltered  image,  provided  that  telescope  time  is  considered 
important  or  expensive.  This  optimisation  of  telescope  time  should  be 
mandatory  on  large,  expensive,  telescopes. 


Total  observing  time  required  to  obtain 


a  given  sky  SNR  with  I  e-/sec  flux 


Observing  time  (  exposure  +  readout ) 


Total  observing  time  required  to  obtain 


0  50  100„  150  .  200  250 

Readout  time 


Total  observing  time  required  to  obtain 
a  given  sky  SNR  with  15  e/sec  flux  in 
function  ofj  controller  readout  tipe 


Optimum  readout  time  versus  SNR 


0  20  40  Sky^NR  80  100  120 


Scan  mode  :  In  order  to  decrease  the  effect  of  loss  of  observing  time 
because  of  CCD  readout  periods  while  covering  large  sky  areas,  it  is  also 
possible  to  use  the  CCD  in  scan  mode.  In  this  mode,  the  electronic  charges 
are  shifted  across  the  CCD  in  synchronicity  with  the  drift  of  the  stars 
across  the  CCD,  and  a  continuous  readout  is  performed.  This  mode  is  also 
called  Time  Delayed  Integration  (  TDI  ).  If  the  telescope  is  at  rest  (  so 
called  sidereal  scanning ),  the  frequency  of  charge  shift  is  proportional  to 
the  pixel  scale,  and  the  sky's  rotation  period  divided  by  the  cosine  of  the 
declination.  From  this,  we  can  understand  that  this  scanning  frequency  is 
different  between  the  bottom  and  the  top  of  the  telescope  field  of  view 
which  are  5  degrees  apart  on  the  sky.  Hence  each  individual  CCD  must  be 
clocked  at  a  different  rate.  Because  of  the  asynchronicity  between  each 
detector,  great  care  must  be  taken  in  order  to  avoid  crosstalk  between  each 
CCD.  There  are  other  effects  which  are  to  be  taken  into  account.  The 
scanning  performs  a  projection  of  a  curved  sky  onto  a  flat  detector.  Two 
effects  occur  because  of  this  :  differential  trailing  is  caused  by  the  fact  that 
the  ideal  scanning  speed  should  be  different  between  the  top  and  the 
bottom  of  a  CCD,  and  field  curvature  occurs  because  at  high  decimation  a 
star  will  not  stay  on  the  same  line  during  its  motion  across  the  CCD.  The 
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beginning  of  the  scan  image  shows  a  signal  ramp  caused  by  the  fact  that 
objects  have  integrated  during  a  time  which  depended  on  their  position  on 
the  chip  when  the  shutter  opened.  Similarly,  there  is  a  ramp  down  at  the 
end  of  the  scan.  The  following  diagram  plots  the  trailing  in  arc  seconds  in 
the  upper  part  of  the  CCD  when  clocked  so  that  the  central  pixels  are 
correctly  drifted  with  3140mm  of  focal  length  for  3  types  of  CCDs,  i.e. 
Loral  2K  (  15  microns  pixels,  30.72  mm  on  a  side,  134  seconds  of 
exposure  time  in  sidereal  scanning  with  our  telescope  ),  Kodak  2K  (  9 
microns  pixels,  18.4mm,  81  seconds  )  and  TI  IK  (  12  microns  pixels,  12.3 
mm,  54  seconds ). 

If  a  is  the  field  of  view  of  the  CCD,  6  the  declination  of  the  image,  the 
trailing  in  arc  second  ( if  the  angles  are  expressed  in  degrees  )  is  : 

(  .  .  \ 

a  | 

t  =  3600  x  a  x  cos(5  +  — )  x 


1 


^cos(d+-j) 


cos(S) 


In  practice,  with  the  CCD  we  use,  differential  trailing  is  visible  at 


declinations  higher  than  10  degrees,  and  becomes  unbearable  at 
declinations  higher  than  25  degrees,  as  shown  in  the  following  diagram. 
With  smaller  CCDs,  the  range  of  accessible  sky  is  much  higher,  but  the 
limiting  magnitude  is  unfortunately  also  much  smaller.  In  our  case,  field 
curvature  is  not  seen  at  declinations  higher  than  35  degrees,  so  is  not  a 
real  problem.  A  big  advantage  of  scanning  is  related  to  the  fact  that  since  a 
given  pixel  in  the  final  image  is  the  average  of  all  the  pixels  in  a  given 
line,  images  tend  to  be  much  cleaner  in  terms  of  cosmetic  quality. 

One  of  the  requirements  is  that  the  readout  time  of  a  line  be  shorter  than 
the  time  interval  between  two  line  transferts.  One  can  increase  the  readout 
time  (  thereby  decreasing  readout  noise  )  to  the  largest  possible  value. 
This  is  another  argument  for  being  able  to  change  the  controller  readout 
rate  on  the  fly.  On  the  other  hand,  it  is  possible  to  move  the  telescope 
toward  the  east  so  that  the  line  transfert  interval  decreases  to  line  readout 
time.  In  our  case  (  pixel  acquisition  time  of  5.5  microseconds,  line  readout 
time  of  11.35  milliseconds  ),  one  can  scan  at  the  equator  at  about  6  times 
higher  than  sidereal  rate,  and  cover  an  area  of  48.6  square  degrees  per 
hour,  to  the  expense  of  course  of  an  integration  time  reduced  to  23 
seconds.  This  mode  is  very  interesting  in  order  to  detect  fast  moving 
objects. 

The  main  limitation  in  our  case  is  the  fact  that  the  sky  zone  which  can  be 
scanned  is  limited  in  declination  around  the  celestial  equator. 

In  order  to  avoid  these  effects  there  could  be  three  possible  solutions  : 

-  Scan  along  great  circle  (  any  circle  containing  the  center  of  the  celestial 
sphere  ).  This  is  not  possible  in  our  case  since  the  motorisation  system  of 
our  telescope  does  not  allow  continuous  motion  in  declination.  Replacing 
the  declination  drive  for  example  with  a  direct  motor  drive  would  be  a 
possible  solution. 

-  As  shown  above,  use  smaller  CCDs,  since  this  will  limit  the  viewing 
angle  of  the  CCD.  This  solution  is  not  practical  since  smaller  CCDs 
provide  shorter  exposure  times  in  scan  mode  or  less  angular  field  in  stare 
mode.  Using  small  CCDs  increase  the  cost  of  the  camera  per  square 
centimeters  of  detector  surface,  since  larger  chips  tend  to  cost  less  per  sq. 
cm.  than  small  ones  and  that  each  small  CCD  has  to  have  some  electronics 
around  it. 

-  Use  a  fast  readout  controller,  so  that  the  proportion  of  time  spent 
reading  out  the  CCD  in  stare  mode  be  relatively  small  compared  to  the 
exposure  time.  The  limit  of  this  system  is  that  readout  noise  increases  with 


the  square  root  of  readout  time,  and  that  fast  conversion  time  analog  to 
digital  converters  of  high  accuracy  are  very  expensive,  bringing  the  price 
of  the  system  much  higher.  I  used  a  compromise  by  choosing  a  converter 
which  main  application  is  audio  conversion,  thereby  allowing  a  low  price, 
fast  readout  rate  (  1  pixel  /  5  microseconds  ),  and  high  accuracy  (  18  bits 
precision,  truncated  to  16  with  14  bits  of  linearity  ).  In  term  of  time  spent, 
scanning  starts  to  be  more  efficient  with  our  controller  as  soon  as  the 
length  of  the  sky  is  larger  than  6  degrees. 

Reliability  :  It  seems  clear  to  many  users  that  the  most  often  encountered 
failures  are  related  to  power  supplies  and  to  connections  inside  the 
camera.  The  actual  tendency  is  to  limit  the  number  of  boards  of  the 
camera  electronics  to  the  minimum,  and  to  use  connectors  soldered  to  the 
printed  circuit  board  whenever  possible. 

Anti  blooming  :  Because  the  field  of  view  of  each  CCD  at  our  telescope  ( 
34  arc  minutes  ),  and  because  their  limited  dynamic  range,  there  are 
always  bright  stars  in  the  field  of  view  which  end  up  being  saturated.  The 
typical  saturation  magnitude  in  a  2  minutes  unfiltered  frme  is  around 
magnitude  13.  The  charges  bleed  alond  the  column  giving  the  familiar 
aspect  of  bright  stars  in  CCD  images.  Apart  from  the  purely  cosmetic 
problem,  this  may  cause  bright  stars  to  hide  other  faint  stars,  and  creates 
two  more  serious  problems  :  The  detection  software  will  tend  to  detect 
fake  stars  across  the  blooming.  In  turn,  this  fake  stars  will  tend  to  be 
aligned  in  successive  frames,  which  will  create  fake  asteroids  detections. 
The  second  problem  is  even  more  serious  :  The  best  astrometric 
references  are  those  of  the  Hipparcos  catalogue,  and  are  all  brighter  than 
the  10th  magnitude.  These  stars  are  fully  bloomed  and  are  not  measurable. 
The  second  best  choice  for  an  astrometric  catalogue  is  the  Space  Telescope 
Guide  Star  Catalog,  which  is  known  to  have  precisions  of  only  0.3"  in  the 
best  cases,  compared  to  0.001"  for  the  Hipparcos  stars.  This  is  why  a 
Schmidt  telescope  camera  controller  must  include  a  provision  for  an  anti 
blooming  system.  Such  a  system  involves  using  a  peculiar  clocking  pattern 
of  the  CCD  during  integration.  This  mode,  also  called  partially  inverted 
mode  has  been  invented  by  Jim  Janesick  at  NASA's  Jet  Propulsion 
Laboratory.  Tested  thoroughly  on  Loral  CCDs  by  a  group  at  the 
University  of  Bonn  led  by  Dr  Reif,  it  has  also  the  very  interesting 
property  of  doubling  the  potential  well  of  the  CCD.  The  penalty  is  that  the 


thermal  current  is  multiplied  by  8  compared  to  the  regular  MPP  mode 
operation. 

Temperature  control  :  This  leads  to  the  last  consideration  of  this  "wish 
list",  i.e.  that  of  temperature  control.  To  decrease  the  CCD  thermal 
current  it  is  necessary  to  refrigerate  it.  The  rule  of  thumb  is  that  the 
thermal  current  doubles  every  7  degrees  C.  There  are  two  classical  ways 
of  cooling  a  CCD  :  Thermoelectric  cooling  and  liquid  nitrogen  cooling. 
The  first  technique  is  able  to  lower  the  CCD  temperature  to  -50°  in  the 
best  cases  ( lower  temperatures  can  be  obtained  with  smaller  CCDs,  but 
2K  CCDs  are  relatively  large  ),  and  the  other  is  typically  used  at  -100  0 
which  removes  all  the  problems  associated  with  thermal  current,  since  it  is 
virtually  inexistent  at  such  temperatures  (  thermal  current  of  0.8  e-/hours 
have  been  measured  for  partially  inverted  CCDs  at  such  temperatures  ). 
Whereas  thermoelectric  cooling  is  inexpensive,  they  are  limited  in  their 
lowest  temperature,  and  the  heat  generated  by  the  Peltier  modules  has  to 
be  evacuated  outside  the  telescope.  On  the  other  hand,  liquid  nitrogen 
systems  are  more  expensive  on  the  long  run  (  up  to  10  liters  of  LN2  may 
be  used  per  night  ),  but  are  very  easily  temperature  regulated.  We  are 
investigating  thoroughly  both  avenues,  and  will  decide  after  more  testing 
which  of  the  two  configurations  will  be  used.  Temperature  stability  is 
very  important  in  precision  photometry.  Typically,  good  photometry 
requires  temperature  stability  better  than  0.5°,  and  this  level  of  stability 
seems  difficult  to  achieve  using  peltier  cooling.  The  first  mono  CCD 
camera  built  using  this  controller  is  Peltier  cooled. 

We  can  derive  from  these  consideration  that  a  CCD  camera  controller 
adapted  to  a  Schmidt  telescope  has  the  following  properties  : 

-  it  has  to  be  very  compact 

-  it  should  not  generate  excessive  heat  (  Cmos  parts  whenever  possible  ) 

-  it  should  be  able  to  clock  and  read  its  several  CCDs  in  a  totally 
independent  manner. 

-  It  should  be  built  so  as  to  minimise  the  crosstalk  between  each  CCD. 

-  It  should  allow  positioning  of  the  different  detectors  in  6  degrees  of 
freedom  (  height,  tilt  in  X  and  Y,  translation  in  X  and  Y,  rotation  ) 

-  It  should  allow  stare  and  scan  mode  with  fast  readout  (  200k 
pixels/seconds  )  using  dynamic  anti  blooming  mode. 

-  Finally  it  must  be  relatively  inexpensive  to  build. _ 


Apart  from  these  "must  have"  considerations,  we  added  a  few  bells  and 
whistles,  some  of  which  are  usually  found  in  other  controllers,  some 
others  are  quite  new. _ _ _ 

-  Possibility  to  use  the  camera  in  2x2  binned  mode. 

-  Possibility  of  reading  only  a  sub  window  of  the  frame.  The  main  use  of 
this  mode  is  to  perform  a  fast  readout  of  a  predefined  portion  of  the 
image,  for  example  to  test  that  a  given  star  or  star  pattern  is  visible  before 
starting  a  series  of  exposures.  Several  simultaneous  windows  could  be 
user  defined  and  this  could  allow  fast  photometry  for  example. 

-  Tests  mode  allowing  to  test  for  traps  in  the  device,  to  test  full  well 
potential  using  J.  Janesick  method. 

-  Geostationary  satellite  detection  mode,  which  is  a  partially  scan/stare 
method  which  we  designed  and  should  try  very  soon  here. 

-  On  the  chip  autoguiding,  following  an  idea  expressed  by  F.  Harris  ( 

U.S.N.O.  Flagstaff ). _ _ _ 

These  modes  are  described  in  more  details  in  appendix  3. 

Description  of  the  Loral  CCP442A  CCD 

We  chose  to  use  Loral  442A  CCDs.  Their  characteristics  are  listed  below 


Size 

2048*2048 

Pixel  size 

15  microns 

Physical  size 

31.72  mm 

Angular  field  of  view 

34.5  ’ 

Number  of  CCDs/5  degrees 

9 

Pixel  scale 

0.979  " 

Full  well  potential 

220,000  e-  in  partially  inverted  mode 

Price  per  sq.  mm 

$2.12 

These  CCDs  are  produced  in  Milpitas  (  CA  -  USA  )  by  Loral  Fairchild.  ( 
1801  Mac  Carthy  Bd,  Milpitas  CA  95035,  Tel  408  433  2550,  Fax  408  433 
2508,  contact  person  Mr  Jim  Johnson  ).  These  CCDs  are  thick  front  side 
illuminated  chips,  which  do  not  have  a  good  blue  sensitivity,  but  overall 
provide  a  quantum  leap  compared  to  photography  since  a  2  minutes 
exposures  detect  stars  which  would  have  required  more  than  30  minutes  of 
exposures  using  a  photographic  plate. 

Price  considerations  led  to  the  use  of  grade  4  CCDs.  The  current  price  is 
$2,000  per  chip.  They  should  have  a  relatively  high  number  of  cosmetic 
defects,  but  most  of  these  are  hot  spots  (  pixels  generating  a  very  high 
thermal  signal ),  which  dissapears  when  the  CCD  is  cooled  down  ( lower 
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than  -30°  C  )  and  the  CCD  becomes  almost  as  good  as  a  grade  1  CCD, 
with  only  a  few  defects  such  as  dead  lines  and  the  like.  However,  the  price 
difference  is  such  that  9  grade  4  CCDs  are  less  expensive  than  a  single 
grade  1  device.  In  fact,  the  production  of  these  CCDs  have  made  such 
progresses  that  most  of  the  chips  sold  as  grade  4  are  in  fact  grade  3  or 
better.  The  cosmetic  quality  of  the  10  chips  we  purchased  and  received 
from  Loral  are  visible  in  appendix  4.  These  CCDs  have  two  readout 
registers,  but  because  of  a  manufacturing  options,  only  one  can  be  read  at 
a  time,  i.e.  it  is  not  possible  to  read  the  CCD  as  two  lk  x  2k  CCD.  Their 
amplifiers  have  a  peculiar  double  stage  structure  optimised  for  low  noise 
at  fast  readout  time. 

Description  of  the  camera  controller 

In  order  to  achieve  a  fast  readout  rate,  and  because  of  the  asynchronous 
scan  mode,  it  was  decided  to  use  individual  low  cost  controllers  for  each 
camera  module  linked  together  by  a  single  master  board  able  to  give 
orders  to  each  modules. 

Each  controller  is  made  of  two  main  boards.  One  contains  all  the  power 
supplies  and  bias  generation  for  the  CCD  and  is  usually  located  outside  the 
telescope's  tube.  This  euroboard  sized  card  fits  into  a  G64  backplane.  Such 
backplanes  are  commercialy  available.  They  use  DIN41612  connectors. 
The  connection  of  this  backplane  are  given  in  a  following  figure.  A  34 
conductor  flat  ribbon  cable  connects  to  the  other  board.  No  periodic  signal 
which  could  perturb  the  CCDs  are  routed  on  this  cable.  The  connection 
plan  of  this  cable  is  given  in  a  following  figure.  This  power  board 
contains  voltage  regulators  to  provide  for  +5v  and  +/-  15  volts.  It  contains 
also  voltage  followers  to  generate  adjustable  power  supplies.  This  board  is 
inspired  by  the  design  of  the  Palomar  controller  (  Gunn  et  al  P.A.S.P.  99, 
518  )  which  we  have  used  at  the  O.C.A.  for  many  years.  It  contains 
outputs  which  can  be  set  between  +  and  -  15  volts,  and  four  others  which 
can  be  set  between  0  to  24  volts.  We  followed  two  suggestions  by  Dr  F. 
Harris  at  the  U.S.  Naval  Observatory  Flagstaff,  i.e.  instead  of  using  LF347 
as  in  the  original  design,  we  use  pin/pin  compatible  OPA470  which  have  a 
much  lower  noise.  The  higher  voltage  generators  layout  have  also  been 
slightly  modified  .  The  voltage  reference  is  still  an  LM399. 
Potentiometers  controlled  voltage  sources  are  more  stable,  less  noisy  and 
less  expensive  than  D/A  based  voltage  sources.  It  is  nevertheless  envisaged 


to  build  a  D/A  based  voltage  board  in  order  to  automatically  test  the  CCDs 
and  find  the  best  setting  of  a  given  CCD  in  laboratory. 

Connexion  to  the  euroboard  backplane. _ _ 


Pin 

Name 

New 

Pin 

Name 

New 

lb 

GND 

GND 

la 

GND 

GND 

2b 

A8 

Reset 

2a 

A0 

32MHz 

3b 

A9 

3a 

A1 

4b 

A10 

4a 

A2 

5b 

All 

5a 

A3 

6b 

A12 

6a 

A4 

7b 

A13 

7a 

A5 

8b 

A 14 

8a 

A6 

9b 

A15 

9a 

A7 

10b 

*BRQ 

10a 

BGRT 

lib 

*RRQ 

11a 

RGRT 

12b 

*BGACK 

12a 

♦HALT 

13b 

Enable 

13a 

MCLK 

14b 

*RES 

14a 

♦VPA 

15b 

*NMI 

15a 

RDY 

16b 

♦IRQ 

16a 

♦VMA 

17b 

*FIRQ 

17a 

R/*W 

18b 

LACK 

18a 

Halt  Ack 

19b 

♦D12 

19a 

*D8 

20b 

♦D13 

20a 

*D9 

21b 

♦D14 

21a 

♦D10 

22b 

♦D15 

22a 

♦DU 

23b 

♦D4 

23a 

♦DO 

24b 

*D5 

24a 

*D1 

25b 

*D6 

25a 

*D2 

26b 

*D7 

26a 

*D3 

27b 

♦Berr. 

27a 

♦Page 

28b 

Chain  In 

28a 

Chain  Out 

29b 

+5  Batt. 

+30v 

29a 

-5V 

30b 

-12v 

+20v 

30a 

+12V 

-20v 

31b 

+5v 

+10v 

31a 

+5V 

+10v 

32b 

GND 

GND 

32a 

GND 

GND 

Notes : 


-  Pins  1  a  and  b,  29a,  30,31  and  32  a  and  b  are  used  for  power  supplies. 
Please  note  the  inversion  between  the  polarity  of  12->15  volts  signals  (  -12 
becomes  +15  and  +12  becomes  -15v  ) 

-  Never  use  pin  28  a  and  b.  In  the  original  G64  bus,  they  are  used  as  a  way 
to  daisy  chain  signals  ( i.e.  28b  of  a  given  board  is  connected  to  28a  of  the 
next  one  on  the  backplane  and  so  on ). 

-  All  the  other  pins  can  be  used  to  send  reset,  clocks  and  communication 
signals  from  the  master  board  to  the  power  boards 

We  use  an  extension  board  in  order  to  be  able  to  set  the  tensions  on  the 
power  board. 


Connexion  of  the  34  flat  ribbon  cable.  | 

1 

VOD 

2 

VATG+ 

3 

VRT 

4 

RG+ 

5 

VRD 

6 

VA3- 

7 

VOG 

8 

VOSG+ 

9 

VRG- 

10 

VH3+ 

11 

VOSG- 

12 

VIC- 

13 

+15Va 

14 

-15Va 

15 

VA1+ 

16 

GNDa 

17 

VH1+ 

18 

VH2- 

19 

VH2- 

20 

VA2+ 

21 

VH1- 

22 

VA1- 

23 

GNDd 

24 

VA2- 

25 

GNDd 

26 

+5Vd 

27 

P0-1 

28 

PO-O 

29 

Reset 

30 

PO-2 

31 

GNDd 

32 

GNDd 

33 

32  MHz 

34 

GNDd 

Notes : 

The  negative  voltages  ramps  of  the  clock  signals  all  connects  to  the  NC  ( 
normally  closed  )  pins  of  the  Max333A  analog  switches.  The  positive  ones 
connects  to  the  NO  (  normally  open )  pins  of  the  switches. 

The  other  board  is  60mm  x  150mm  long.  It  contains  all  the  electronics 
driving  the  CCD  as  well  as  its  acquisition  chain.  The  sequencer  is  a 
87C750  Philips  microcontroller.  In  the  early  phases  of  devlopement  of 

1  7 


this  project,  I  chose  to  use  an  IFX780  Flexlogic  circuit  made  by  Intel,  but 
it  proved  to  be  not  flexible  enough  to  allow  easy  reprogrammation  on  the 
fly  in  the  different  modes  required  by  the  camera.  The  87C750  is  a 
limited  version  of  the  industry  standard  80C51  microcontroller,  with  a 
master  clock  running  at  up  to  40  MHz.  This  allows  to  clock  the  I/O  ports 
with  pulses  as  short  as  375  ns.  It  is  a  small  integrated  circuit  (  24  pin  DIL 
),  having  just  the  requisite  functions  for  our  task.  This  part  and  its 
programming  is  fully  described  in  Appendix  3. 

The  microcontroller  communicates  via  a  synchronous  serial  line 
implemented  with  3  of  the  I/O  pins  to  either  a  PC  or  a  Master  board, 
which  is  also  an  80C51  based  board  able  to  drive  up  to  15  camera. 

Other  I/O  pins  generate  the  timing  required  by  the  CCD.  Because  of  the 
anti  blooming  mode,  it  is  required  that  the  vertical  drivers  be  relatively 
slow.  This  allowed  us  to  use  simple  analog  switches  to  drive  both  the 
vertical  and  horizontal  clocks  of  the  CCD.  I  used  Max333A  switches, 
which  receive  both  voltage  ramps  of  the  CCD  clock  from  the  power 
supply  board,  a  logic  signal  coming  from  the  87C750,  and  drive  the  CCD 
pin  through  an  RC  filter. 


I/O  port  assignment : 


port  1  : 
pin  0 :  A1 

Vertical  clock  1 

pin  1  :  A2 

Vertical  clock  2 

pin  2 :  A3 

Vertical  clock  3 

pin  3  :  NC 

No  connect 

pin  4:  NC 

No  connect 

pin  5:  NC 

No  connect 

pin  6:  NC 

No  connect 

pin  7 :  Case 

Cascade 

Note : 

-  Pins  3  to  6  of  port  1  which  are  unused  are  brought  to  a  small  header 
which  could  be  used  for  various  purposes,  such  as  controlling  a  shutter  or 
rotating  a  filter  wheel. 

-  Pin  7  is  used  to  put  the  AD  converter  in  the  cascade  mode,  this  allows  to 

send  the  result  of  the  conversion  on  both  channels  as  a  single  32  bits  word. 
This  allows  to  read  channel  2,  i.e.  perform  a  temperature  read. _ 

port  3_a 


pin  0 :  HI 

Horizontal  clock  1 

pin  1  :  H2 

Horizontal  clock  2 

pin  2 :  H3 

Horizontal  clock  3 

pin  3  :  OSG 

Output  Source  Gate 

pin  4 :  RG 

Reset  Gate 

pin  5 :  CL1 

1st  Clamp 

pin  6 :  CL2 

2nd  Clamp 

pin  7 :  STCVT 

Start  convert 

Port  1  drives  the  three  vertical  clocks,  and  port  3  drives  all  the  signals 
related  to  horizontal  clocks  and  pixel  conversions.  In  order  to  avoid  jitter, 
it  was  decided  not  to  use  interrupts  in  the  program.  Another  reason  for 
this  was  that  the  16  bits  timer  is  too  fast  for  our  purpose. 

The  other  bias  voltages  for  the  CCD  come  from  the  power  supply  board, 
and  are  linked  to  the  CCD  via  an  RC  filter. 

The  acquisition  chain  is  made  of  2  OPA627  operationnal  amplifiers  by 
Burr  Brown.  A  load  resistor  is  of  course  connected  to  the  video  output  of 
the  CCD.  Then  comes  a  coupling  capacitor  hooked  to  an  analog  switch  to 
provide  an  input  clamp.  This  capacitor  is  brought  to  a  divider  bridge 
made  of  two  resistors  which  need  to  be  adjusted  in  order  to  clamp  the  first 
video  level  to  ground.  The  first  op  amp  has  a  gain  which  is  usually  set 
around  20.  The  output  of  this  op  amp  goes  through  another  clamp  active 
during  the  first  video  level.  The  second  op  amp  is  just  a  voltage  follower. 
The  analog  switch  used  for  clamping  is  a  Maxim  DG445.  It  has  a  low 
charge  injection.  The  Analog  to  Digital  converter  is  a  Burr  Brown  part 
labeled  DSP102,  and  is  derived  from  the  PCM1750,  except  its  control  is 
much  simpler  and  its  outputs  are  adapted  to  Digital  Signal  Processors  ( 
DSP ).  The  DSP  102  is  an  18  bits  5  microseconds  conversion  time  and  14 
bits  linearity  double  converter.  Input  level  must  be  between  +  and  -  2.75 
volts.  We  use  it  as  a  16  bits  converter.  The  clamp  signals  of  the  acquisition 
chain  as  well  as  the  start  convert  signal  are  generated  by  the  87C750. 
There  is  an  option  called  "cascading"  which  allows  reading  of  both 
channels  and  emission  of  the  converted  values  as  a  single  32  bit  word.  I 
use  this  mode  to  read  the  temperature  through  an  AD592  analog  device 
temperature  sensor  connected  to  channel  B  of  the  converter.  The 
"cascade"  pin  which  allows  this  mode  is  controlled  by  the  87C750.  The 
DSP102  requires  8  and  16  Mhz  clock  to  work  at  its  maximum  conversion 
rate.  I  chose  to  drive  the  87C750  at  32  MHz  and  use  a  binary  divider  ( 
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74HCT93  )  to  generate  the  16  and  8  MHz  from  the  32  MHz  master  clock. 
This  clock  is  synchronous  to  all  the  cameras  used  in  the  focal  plane.  The 
A/D  converter  requires  +  and  -  5  volts  which  are  locally  generated  from 
the  +  and  -  15  volts  through  low  power  78L05  and  79L05  voltage 
regulators.  The  three  outputs  of  the  converter  are  emitted  through  fiber 
optics  emitters  made  by  Toshiba.  These  parts  have  the  advantage  of  being 
directly  TTL  compatible.  This  board  is  actually  routed  using  DIL  circuits, 
but  could  be  rerouted  in  a  much  more  compact  size  using  Surface  Mount 
Technology  versions  of  the  different  circuits,  except  for  the 
microcontroller  and  the  DSP102,  which  would  be  purchased  in  24  pins 
flat  packages,  and  the  fiber  optics  drivers  which  are  not  available  in  any 
other  packages  than  those  actually  used.  It  is  also  likely  that  if  a  faster 
converter  becomes  available  (  but  in  the  same  price  and  quality  range  than 
the  DSP1G2  ),  it  will  replace  the  existing  one.  Analog  Device  is  said  to  sell 
sometimes  in  1995  a  16  bits  low  cost  2.5  microseconds  converter  which 
will  be  called  AD7882. 

The  connection  of  the  controller  board  to  the  CCD  is  made  through  a 
regular  DB25  connector.  Through  this  connector,  8  wires  (  in  fact  2x4  ) 
for  two  peltier  coolers  are  brought  to  an  8  pin  header. 


Connexion  of  the  DB25  connector  to  the  CCD  head  1 

1 

+5va  ( AD592) 

14 

VINB  (AD592) 

2 

GNDa 

15 

Video  Out 

3 

Peltierl 

16 

A1 

4 

Peltierl 

17 

A2 

5 

Peltier2 

18 

A3 

6 

Peltier2 

19 

OSG 

7 

Peltier3 

20 

RG 

8 

Peltier3 

21 

HI 

9 

Peltier4 

22 

H2 

10 

Peltier4 

23 

H3 

11 

VATG+ 

24 

VOD 

12 

VRT 

25 

VRD 

13 

YOG 

Notes : 

-  Pin  1  and  14  connect  to  the  temperature  probe  attached  to  the  CCD. 
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-  Pin  3  to  10  are  double  pins  connected  to  the  two  peltier  cooling  units. 
Two  pins  are  paired  together  (  3  with  4,  5  with  6,  and  so  on  )  since  high 
currents  flow  through  them. 

-  Pin  16  to  23  are  CCD  clocks 

-  Pins  12,  13,  24  and  25  are  CCD  bias  voltages. 

-  Pin  11  (  VATG+  )  connects  to  the  Array  Transfert  gate  of  the  aplifier 
side  which  is  not  in  use.  This  biasing  prevents  charges  of  going  to  that 
horizontal  register.  The  unused  amplifier  is  otherwise  used  the  same  way 
as  the  other  one.  ATG  of  the  working  amplifier  is  the  same  as  A3  of  the 
CCD. 

-  If  all  the  other  ones  are  working  correctly,  pin  15  should  find  some 
usefulness.  :-) 

CCD  clocking : 

It  follows  the  manufacturer's  documentation.  Please  refer  to  it  in 
Appendix  2  for  more  information. 

Implementation  of  a  single  CCD  camera 

Using  this  set  of  board,  it  is  possible  to  build  a  single  CCD  camera.  The 
schematics  are  given  in  the  following  figure.  The  master  board  is  replaced 
by  a  simple  clock  generator  and  the  control  of  the  sequencer  is  done  using 
a  PC  parallel  port.  The  readout  is  organised  around  a  DSP320C30 
evaluation  module  to  which  a  very  simple  PC  board  which  is  a  fiber  optics 
to  TTL  converter  is  added.  This  is  the  configuration  under  which  this 
system  has  been  tested.  The  software  which  controls  the  camera  and 
performs  the  readout  is  integrated  in  a  PC  package  called  SPEEDI.  This 
package  was  started  in  1993  using  GNU  C++  which  is  a  public  domain 
C++  compiler  having  a  DSO  extender,  and  has  been  upgraded  since  to  a 
multi  window  program  which  can  directly  control  an  Exabyte  tape  drive, 
NFS  disks,  run  different  cameras,  and  provide  all  the  functions  we  wanted 
to  have  in  such  a  package. 


Controller  board 


Power  board 


Master  board 


Fiber  optics 


In 


printer  porl 


Exabyte 

erface  board 


320C30 


SCSI  board 


PC 


Implementation  of  a  multi  CCD  camera 

A  system  able  to  drive  easily  15  CCDs  can  be  implemented  using  the 
following  design : 

CCD  control : 

Each  CCD  has  its  power  and  controller  board.  The  power  boards  all 
resides  inside  a  eurorack  using  a  G64  backplane.  This  rack  is  installed 
outside  the  telescope's  tube.  Flat  ribbon  cables  are  routed  along  one  of  the 
spider  vane  of  the  telescope.This  backplanes  supplies  each  power  board 
with  +10,  +20,  -20  and  +28  volts  as  well  as  ground.  A  master  board,  also 
on  the  backplane  supplies  a  sunchronous  32  MHz  clock  to  each  power 
board,  as  well  as  a  general  reset  and  serial  interface  to  each  module.  It 
contains  an  8051  microcontroller  which  is  driven  by  an  RS232C  interface 
by  the  control  PC.  The  connection  of  each  module  to  a  given  backplane 
signal  is  made  through  wire  wrapping  connections.  On  the  master  board, 
the  clock  and  reset  signals  are  driven  through  TTL  gates  in  order  to  get 
the  required  throughput.  The  clock  line  of  the  serial  interface  is 
synchronous  to  all  the  CCDs  hooked  to  the  system  and  generated  by  an  I/O 
line  of  the  microcontroller.  The  data  line  is  generated  using  the  other  15 
I/O  lines  of  the  master  board  microcontroller.  When  the  PC  sends  an 
order  to  this  master  board,  it  tells  whether  the  order  is  relevant  to  a  given 
CCD  or  to  all  the  CCDs,  the  master  board  programs  the  CCDs  adequately 
and  waits  for  other  orders.  If  a  given  order  is  to  be  sent  to  only  a  single 
camera,  while  the  data  clock  runs  for  all  camera  modules,  the  data  comm 
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pin  of  the  other  cameras  transmit  a  zero  which  are  converted  to  a  no¬ 
operation  order. 

CCD  readout : 

Our  idea  is  to  use  320C40  parallel  DSPs  for  readout.  A  single  DSP 
module  will  readout  three  camera  modules.  An  interface,  very  likely 
based  on  yet  another  8051  will  convert  and  tag  3  18  bits  serial  lines  into  a 
single  parallel  8  bit  port  compatible  to  the  320C40  ports.  A  given  pixel 
will  be  converted  in  a  24  bits  word  with  its  highest  4  bits  beeing  the 
number  of  the  camera  from  which  it  comes.  We  have  contracted  a  DSP 
board  manufacturer  in  order  to  produce  a  SCSI  interface  for  a  TIM40 
module  (  a  module  which  contains  a  320C40  as  well  as  local  memory  ). 
This  interface  also  contains  up  to  32  megabytes  of  0  wait  states  memory. 
We  have  already  written  code  to  read  a  given  pixel,  perform  real  time 
photometric  correction,  and  cosmic  ray  removal.  We  were  not  able  to 
port  our  real  time  stellar  detection  yet,  but  this  should  be  achieved  within 
a  few  months.  When  this  system  will  be  operationnal,  it  will  be  able  to 
read  pixels  when  they  are  available,  use  the  DMA  to  store  the  data  in  the 
right  buffer,  perform  a  storage  of  the  raw  data  to  an  Exabyte  tape  drive, 
perform  real  time  photometric  correction,  cosmic  ray  removal,  as  well  as 
detection.  It  will  be  possible  to  download  data  to  the  PC  for  test  purpose 
only,  and  list  of  detected  objects  will  be  sent  to  our  workstation  for 
analysis. 
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Appendix  1 
Electronic  Schematics 
of  the  O.C.A.  CCD 
camera  controller 


There  are  three  Oread  based  designs  related  to  this  controller  : 

SNGLPOW  relates  to  the  power  supply  board. 

CCDANAL  relates  to  the  main  board,  i.e.  sequencer  and  analogic  chain. 
CCDSUP  relates  to  the  CCD  support,  the  small  printed  circuit  board  that 

supports  the  CCD  inside  its  dewar. 

Other  schematics  which  are  included  in  this  design  is 

PELTIER,  which  is  the  schematics  of  the  current  regulated  power  supply 

we  use  for  peltier  modules.  Since  this  handles  relatively  high  current,  it  is 

soldered  directly  on  a  heat  sink. 

CONTROL,  which  is  the  board  which  runs  a  single  CCD  camera.  We 
wire  wrapped  it,  so  there  is  no  printed  circuit  board  for  it. 

These,  as  well  as  information  related  to  the  programming  of  the 
sequencer  will  be  available  through  anonymous  ftp  at  rossini.obs-mce.fr 
as  a  single  file  called  OCACCD.zip.  This  file  will  be  regularly  updated  as 
more  functions  are  programmed  into  the  sequencer,  and  if  new  version  of 
these  boards  are  manufactured  (  for  example  SMT  components  ).  It  is 
highly  recommended  to  ftp  these  files  rather  than  to  use  the  files  included 
in  this  report.  Also  it  is  better  to  take  contact  with  use  (  marny  @ 
ocai01.obs-azur.fr  )  since  we  have  already  have  those  boards  fabricated 
and  that  the  prices  for  these  boards  will  be  less  expensive  here  since  the 
tooling  for  their  fabrication  has  already  been  paid  for. 
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ANALOG  BOARD  Revised:  March  2,  1995 

Revision:  V1.0 


Bill  Of  Materials 
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March  6, 

Reference 
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Part 
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1 

12 

C 1  ,C3  ,C6,C7,C9,C  1 0,C  14, 
C15,C16,C18,C19,C20 

lOuF 

2 

3 

C2,C4,C5 

lOnF 

3 

1 

C8 

2nF 

4 

5 

C11,C12,C13,C21,C36 

10  uF 

5 

1 

C17 

0.0  luF 

6 

16 

C22,C23,C24,C25,C26,C27 , 
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7 
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8 
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1 
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U1 
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Appendix  2  : 

Data  sheets  of  the 
main  components  of 
the  O.C.A.  controller 


This  section  contains  the  data  sheets  of  the  components  used  in  this 
controller.  It  does  omit  passive  parts,  as  well  as  other  usual  parts  as  78xx 
voltage  regulators  and  the  like. 

-  CCD442A 
-AD592 
-87C750 

-  MAX333A 
-DG445 

-  OPA627 

-  DSP102 

-  74HCT93 

-  TOTX195 

-  TORX194 
-LM399 

-  OPA470 

This  information  is  only  available  of  course  in  the  printed  form  ot  this 
report. 
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ANALOG 

DEVICES 


Very  Low-Noise  Quad 
Operational  Amplifier 


OP-470 


eatures  ■ _ 

Very  Low  Noise .  5nV/ V  Hz  @  1kHz  Max 

Kxcellent  Input  Offset  Voltage . 0.4mV  Max 

ow  Offset  Voltage  Drift . 2/xV/°C  Max 

Very  High  Gain  . . . 1000V/mV  Min 

■Outstanding  CMR . IIOdB  Min 

flsiew  Rate .  •  2V//is  Typ 

iGain-Bandwidth  Product . 6MHz  Typ 

Industry  Standard  Quad  Pinouts 
^Available  in  Die  Form 

1RDERING  INFORMATION  * 


■  »*25"C 
§f0SMAX 

■  m 

PACKAGE 

OPERATING 

TEMPERATURE 

RANGE 

CERDIP 

14-PIN 

PLASTIC 

LCC* 

400 

_ 

_ 

OP470ARC/883 

ML 

U  400 

OP470AY* 

- 

OP470ATC/883 

ML 

■  400 

OP470EY 

- 

- 

IND 

800 

OP470FY 

- 

IND 

1000 

- 

OP470GP 

XIND 

■  1000 

- 

OP470GS" 

“ 

XIND 

For  devices  processed  in  total  compliance  to  MIL-STO-883,  add  /883  after  part 
number.  Consult  factory  for  883  data  sheet. 

Burn-in  is  available  on  commercial  and  industrial  temperature  range  parts  in 
|CerDIP,  plastic  DIP.  and  TO-can  packages. 

For  availability  and  bum-in  information  on  SO  and  PLCC  packages,  contact 
'your  local  sales  office. 

liNERAL  DESCRIPTION 

OP-470  is  a  high-performance  monolithic  quad  opera- 
fo'nal  amplifier  with  exceptionally  low  voltage  noise, 
V/V  Hz  at  1  kHz  Max,  offering  comparable  performance  to 
I’s  industry  standard  OP-27. 

™e  OP-470  features  an  input  offset  voltage  below  0.4mV, 
excellent  for  a  quad  op  amp,  and  an  offset  drift  under  2/iV/°C, 
iranteed  over  the  full  military  temperature  range.  Open- 
p  gain  of  the  OP-470  is  over  1,000,000  into  a  10kfl  load 


I 

f 

ior 

i; 

xc\ 

I 


insuring  excellent  gain  accuracy  and  linearity,  even  in  high- 
gain  applications.  Input  bias  current  is  under  25nA  which 
reduces  errors  due  to  signal  source  resistance.  The  OP-470’s 
CMR  of  over  IIOdB  and  PSRR  of  less  than  1.8/iV/V  signifi¬ 
cantly  reduce  errors  due  to  ground  noise  and  power  supply 
fluctuations.  Power  consumption  of  the  quad  OP-470  is  half 
that  of  four  OP-27s,  a  significant  advantage  for  power  con- 

PIN  CONNECTIONS  _ 


OUT  A  (T 
-IN  A  IT 

TINA  IT 
\l*  |T 
♦INB  |T 
-:nb  |T 
out  a  (T 


M 


!7|  outo 
T1  -IND 
171  +IN  D 

TT|  v- 
17|  +IN  c 

-INC 

fn  OUT  C 


z  o  z  o  1 

/HJ 

♦IN  A  T]  Q5  +IND 

N.C.  3  Hf  N.C. 

V*  3  01  v" 

N.C.  3  01  N  C- 

+IN  B  3  01  tlNC 


14-PIN  HERMETIC  DIP 
(Y-Suffix) 

14-PIN  PLASTIC  MINI-DIP 
(P-Suffix) 


a  a  (j  o  o 
o  o  ' 


T  3 


20-LEAD  LCC 
(RC-Suffix) 


S  Lll LULU  HIM  llil l£?J  \ 

N.C.  7]  15  N  C 

♦IN  A  7]  E  *IN  D 

N.C.  7)  E  N.C. 

v  II  E  V- 

n.c.  »]  E  N  C- 

♦IN  B  7]  [m  +IN  C 

N.C.  7]  IS  NC' 


16-PIN  SOL 
(S-Suffix) 


28-LEAD  LCC 
(TC-Suffix) 


I 


|)P-470 


scious  applications.  The  OP-470  is  unity-gain  stable  with  a 

I  gain-bandwidth  product  of  6MHz  and  a  slew  rate  of  2V//us. 

The  OP-470  offers  excellent  amplifier  matching  which  is 
important  for  applications  such  as  multiple  gain  blocks,  low- 

I noise  instrumentation  amplifiers,  quad  buffers,  and  low-noise 
active  filters. 

The  OP-470  conforms  to  the  industry  standard  14-pin  DIP 
■pinout.  It  is  pin  compatible  with  the  OP-11,  LM148/149, 
H-1A4741,  HA5104,  and  RM4156  quad  op  amps  and  can  be  used 
™o  upgrade  systems  using  these  devices. 

I  For  higher  speed  applications  the  OP-471 ,  with  a  slew  rate  of 
BV/^is,  is  recommended. 

I  ABSOLUTE  MAXIMUM  RATINGS  (Note  1) 

supply  Voltage . ±18V 

Differential  Input  Voltage  (Note  2) . ±1  .OV 

^Differential  Input  Current  (Note  2) . ±25mA 

Input  Voltage . Supply  Voltage 

Output  Short-Circuit  Duration . Continuous 

Storage  Temperature  Range 

|  P,  TC,  Y-Package . -65°C  to  +150°C 


Lead  Temperature  Range  (Soldering,  60  sec) .  300°C 

Junction  Temperature  (T.) . -65°Cto+150°C 

Operating  Temperature  Range 

OP-470A . -55°C  to  +125°C 

OP-470E,  OP-470F . -25°Cto  +85°C 

OP-470G . — 40°C  to  +85°C 


PACKAGE  TYPE 

0JA  (Note  3) 

6JC 

UNITS 

14-Pin  Hermetic  DIP  (Y) 

94 

10 

°CAV 

14-Pin  Plastic  DIP  (P) 

76 

33 

°C/W 

20-Contact  LCC  (RC) 

78 

30 

°C/W 

28-Contact  LCC  (TC) 

70 

28 

°C/W 

16-Pin  SOL  (S) 

88 

23 

-CAV 

NOTES: 

1 .  Absolute  maximum  ratings  apply  to  both  DICE  and  packaged  parts,  unless 
otherwise  noted. 

2.  The  OP-470's  inputs  are  protected  by  back-to-back  diodes.  Current  limiting 
resistors  are  not  used  in  order  to  achieve  low  noise  performance.  If  differential 
voltage  exceeds  ±1 ,0V,  the  input  current  should  be  limited  to  ±25mA. 

3.  e  A  is  specified  for  worst  case  mounting  conditions,  i.e.,  0jA  is  specified  for 
device  in  socket  for  TO,  CerDIP,  P-DIP,  and  LCC  packages;  0jA  is  specified 
for  device  soldered  to  printed  circuit  board  for  SO  and  PLCC  packages. 


LECTRICAL  CHARACTERISTICS  at  Vs  =  ±15V,  TA  =  25°C,  unless  otherwise  noted. 


1 - 

OP-470A/E 

OP-470F 

OP-470G 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Hlnput  Offset  Voltage 

Vos 

— 

0.1 

0.4 

- 

0.2 

0.8 

- 

0.4 

1.0 

mV 

Bnput  Offset  Current 

•os 

> 

o 

II 

2 

>° 

— 

3 

10 

- 

6 

20 

- 

12 

30 

nA 

Input  Bias  Current 

*8 

vCM  =  ov 

— 

6 

25 

- 

15 

50 

- 

25 

60 

nA 

^nput  Noise  Voltage 

enp-p 

0.1Hz  to  10Hz 
(Note  1 ) 

- 

80 

200 

- 

80 

200 

- 

80 

200 

nVp.p 

fG=  10Hz 

— 

3.8 

6.5 

— 

3.8 

6.5 

— 

3.8 

6.5 

Mnput  Noise 

fG=  100Hz 

- 

3.3 

5.5 

— 

3.3 

5.5 

— 

3.3 

5.5 

nV/v'Tfz- 

■  Voltage  Density 

en 

f0=  1kHz 
(Note  2) 

3.2 

5.0 

3.2 

5.0 

3.2 

5.0 

fG=  10Hz 

_ 

1.7 

_ 

_ 

1.7 

— 

— 

1.7 

— 

Mnput  Noise 

'n 

f0=  100Hz 

_ 

0.7 

_ 

— 

0.7 

— 

— 

0.7 

— 

pa/v/hT 

H  Current  Density 

fG=  1kHz 

— 

0.4 

- 

- 

0.4 

- 

- 

0.4 

- 

Large-Signal 

VQ  =  ±10V 

Avo 

RL=  lOktl 

1000 

— 

800 

— 

800 

1700 

— 

V/ mV 

■  Voltage  Gain 

Rl  =  2kfl 

500 

- 

400 

900 

- 

400 

- 

■ - 

Input  Voltage  Range 

IVR 

(Note  3) 

±11 

±12 

- 

±11 

±12 

- 

±11 

±12 

- 

V 

^Output  Voltage  Swing 

Vo 

Rl  >  2kil 

±12 

±13 

- 

±12 

±13 

- 

±12 

±13 

- 

V 

B^ommon-Mode  Rejection  CMR 

VCM  =  ±11V 

110 

125 

- 

100 

120 

- 

100 

120 

- 

dB 

Power  Supply 

PSRR 

Vs  =  +4.5V  to  +18V 

0.56 

1.8 

_ 

1.0 

5.6 

_ 

1.0 

5.6 

pV/V 

M  Rejection  Ratio 

I 


,  OP-470 

■ - 

LECTRICAL  CHARACTERISTICS  at  Vs  = 

±15V,  Ta 

=  25°C,  unless  otherwise  noted.  (Continued) 

Jameter 

SYMBOL 

CONDITIONS 

OP-470A/E 
min  typ  max 

OP-470F 
MIN  TYP 

MAX 

OP-470G 
MIN  TYP  ! 

MAX 

UNITS 

mply  Current 
■  Amnlifierct 

•sY 

No  Load 

- 

9  11 

—  9 

11 

- 

9 

11 

mA 

Hi  Bandwidth  Product 

GBW 

Av  =  +10 

— 

6  — 

—  6 

- 

— 

6 

— 

MHz 

annel  Separation 

cs 

V0  =  20Vp.p 
fD  =  10Hz  (Note  1) 

125 

155  — 

125  155 

- 

125 

155 

- 

dB 

■t  Capacitance 

C|N 

— 

2  — 

-  2 

— 

— 

2 

— 

PF 

put  Resistance 
flfrorontial>MOde 

Rin 

- 

0.4  - 

-  0.4 

- 

- 

0.4 

- 

Mil 

■  Resistance 
Common-Mode 

rincm 

- 

11  — 

—  11 

- 

- 

11 

- 

Gn 

|mg  Time 

ts 

Av  =  +1 
to  0.1% 

to  0.01% 

— 

5.5  — 

6.0  — 

-  5.5 

—  6.0 

- 

- 

5.5 

6.0 

- 

As 

tES: 

uaranteed  but  not  100%  tested, 
imple  tested. 

Guaranteed  by  CMR  test. 


IeCTRICAL  CHARACTERISTICS  at  Vs  =  ±15V.  -55°C  <  TA  <  125°C  for  OP-47QA,  unless  otherwise  noted. 


Hameter 

SYMBOL 

CONDITIONS 

OP-470 A 
MIN  TYP 

MAX 

UNITS 

V — 2 - 

iput  Offset  Voltage 

vos 

- 

0.6 

mV 

^age  Input 
■cot  Vnltane  Drift 

TCV0S 

- 

0.4 

2 

AV/°C 

■ - - 

ifllit  Offset  Current 

■os 

VCM  =  0V 

— 

5 

20 

nA 

tout  Bias  Current 

i  8 

vCM  =  ov 

- 

15 

50 

nA 

|  — - 

■je-Signal 

Voltage  Gain 

A  vo 

Vo  =  ±10V 

Rl=  lOkfl 

RL  =  2kn 

750 

400 

- 

V/mV 

■  it  Voltage  Ranoe 

IVR 

(Note  1) 

— 

V 

■ - - 

Wput  Voltage  Swing 

v0 

RL>2kil 

±12 

±13 

— 

V 

:ommon-Mode 

Biertinn 

CMR 

vCM  =  ±nv 

100 

120 

- 

dB 

I 

■.er  Supply 

Rejection  Ratio 

PSRR 

VS  =  ±4.5V  to  ±18V 

- 

1.0 

5.6 

AV/V 

■ply  Current 

Bl  AmDlifiers) 

■sv 

No  Load 

- 

9.2 

11 

mA 

■1 - - - - - - 

'10TE: 

v Guaranteed  by  CMR  test. 
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CURRENT  NOISE  (pA/s/Hz" ) 


OP-470 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


£ 


VOLTAGE  NOISE  DENSITY 


1  10  100  Ik 


FREQUENCY  (Hz) 


VOLTAGE  NOISE  DENSITY 
vs  SUPPLY  VOLTAGE 


■ 

■ 

AT  10Hz 

■ 

■ 

a 

■ 

■ 

■ 

0  ±S  ±10  ±15  ±20 


SUPPLY  VOLTAGE  (VOLTS) 


|| 


0.1  Hz  TO  10Hz  NOISE 


Vg  —  ±15V 
T*“2S"C 


TIME  (SEC) 


CURRENT  NOISE  DENSITY 


FREQUENCY  (Hz) 


INPUT  OFFSET  VOLTAGE 
vs  TEMPERATURE 


i 

■ 

■ 

■ 

■ 

a 

— 

■ 

■ 

■ 

a 

■ 

■ 

a 

■ 

■ 

■ 

■ 

B 

1 

■ 

■ 

■ 

■ 

■ 

-75  -50  -25  0  25  50  75  100  125 


TEMPERATURE  (*C) 


X 

o 


WARM-UP  OFFSET 
VOLTAGE  DRIFT 


— i — 

Vs  =  ±15V 

/ 

r 

/ 

IB 

/ 

rz 

0  1  2  3  4  5 


TIME  (MINUTES) 


INPUT  BIAS  CURRENT 


-75  -50  -25  0  25  50  7S  100  125 

TEMPERATURE  ("C) 


INPUT  OFFSET  CURRENT 
vs  TEMPERATURE 


- 1 - 1 - 

Vs  =  i15V 

j|g 

g  t| 

■ 

■ 

■ 

■ 

■ 

■ 

* 

V 

— 

-75  -50  -  25  0  25  50  75  100  125 


TEMPERATURE  (»C) 


INPUT  BIAS  CURRENT  vs 
COMMON-MODE  VOLTAGE 


1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

S 

■ 

■ 

a 

i 

1 

1 

1 

a 

1 

-12.5  -10  -7.5  -5  -2.5  0  2.5  5  7.5  10  12.5 

COMMON-MODE  VOLTAGE  (VOLTS) 
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OP-470 


| - 

typical  performance  characteristics 


I 

CMR  vs  FREQUENCY 


,30 

- 

_ 

T*  = 

— 

25°C 

120 

\ 

VS  = 

±15V 

100 

90 

80 

70 

60 

50 

40 

30 

20 

\ 

\ 

V- 

_A 

FREQUENCY  (Hz) 

I 


PSR  vs  FREQUENCY 


1 

140 

T.  =  25°C 

— 

120 

— 

_s 

V 

1 

o 

r 

1 

1 

80 

60 

40 

20 

V 

V 

a 

A 

V 

+p 

s\ 

A 

PSR 

v 

tv 

3 

A 

v 

3 

V 

A 

FREQUENCY  (Hz) 

I 

OPEN-LOOP  GAIN,  PHASE 


I 

I 

REV.  B 

I 


TOTAL  SUPPLY  CURRENT 


±5  ±10  ±15 

SUPPLY  VOLTAGE  (VOLTS) 


OPEN-LOOP  GAIN 


1  10  100  Ik  10k  100k  1M  10M  100M 


FREQUENCY  (Hz) 


OPEN-LOOP  GAIN 


0  ±5  -10  ±15  ±20  ±25 

SUPPLY  VOLTAGE  (VOLTS) 


J 


< 

E 


TOTAL  SUPPLY  CURRENT 


TEMPERATURE  <*C) 


CLOSED-LOOP  GAIN 


.jo  I _ ■  ■  i  _ I  I  I  mm _ i.  i  i  linn - i  u-mm 

Ik  10k  100k  1M  10M 

FREQUENCY  (Hz) 


GAIN-BANDWIDTH 
PRODUCT,  PHASE  MARGIN 


-75  -50  -25  0  25  50  75  100  125  150 

TEMPERATURE  (°C) 
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GAIN-BANDWIDTH  PRODUCT  (MHz) 


PEAK-TO-PEAK  AMPLITUDE  (VOLTS) 


OP-470 

TYPICAL  PERFORMANCE  CHARACTERISTICS 


MAXIMUM  OUTPUT  SWING 


Ik  10k  100k  1M  10M 

FREQUENCY  (Hz) 


OUTPUT  IMPEDANCE 


100  Ik  10k  100k  1M  10M  100M 

FREQUENCY  (Hz) 


MAXIMUM  OUTPUT 
VOLTAGE  vs 
LOAD  RESISTANCE 


100  Ik  10k 

LOAD  RESISTANCE  (0) 


SLEW  RATE 


-75  -SO  -25  0  25  50  75  100  125 

TEMPERATURE  <“C) 


SMALL-SIGNAL 
OVERSHOOT  vs 
CAPACITIVE  LOAD 


0  200  400  600  800  1000 


CAPACITIVE  LOAD  (pF) 


CHANNEL  SEPARATION 
vs  FREQUENCY 


170 

160 

—— 

— ^ 

CHANNEL  SEPARATION  (dB) 

<£0>^Q»'0O?*Mu3k< 

OOOOOoOOOOf 

N 

V 

\ 

\ 

Vs  =  ± 

15V 

TA=2S-C  | 

V0  =  ZuVp.p  TO  lUknz 

10  100  Ik  10k  100k  1M  10M 

FREQUENCY  (Hz) 


TOTAL  HARMONIC 
DISTORTION  vs  FREQUENCY 


10  100  Ik  10k 

FREQUENCY  (Hz) 


LARGE-SIGNAL 
TRANSIENT  RESPONSE 


TA  =  25“C 
Vs  =  =15V 
Av  **  ■‘■1 


SMALL-SIGNAL 
TRANSIENT  RESPONSE 


TA  =  25“  C 
Vs  =  ±15V 
Av  =  +1 
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NNEL  SEPARATION  TEST  CIRCUIT 


I.ICATIONS  INFORMATION 
AGE  AND  CURRENT  NOISE 


>  np-470  is  a  very  low-noise  quad  op  amp,  exhibiting  a 

fl  voltage  noise  of  only  3.2n V/\J  Hz  @  1kHz.  The 
tionally  low  noise  characteristics  of  the  OP-470  is  in 
t  achieved  by  operating  the  input  transistors  at  high  col- 

*r  currents  since  the  voltage  noise  is  inversely  propor- 
I  to  the  square  root  of  the  collector  current.  Current 
,  however,  is  directly  proportional  to  the  square  root  of 
collector  current.  As  a  result,  the  outstanding  voltage 

>  performance  of  the  OP-470  is  gained  at  the  expense  of 
nt  noise  performance,  which  is  typical  for  low  noise 
plifiers. 


■jtain  the  best  noise  performance  in  a  circuit  it  is  vital  to 
■rstand  the  relationship  between  voltage  noise  (en),  cur- 
t  noise  (in),  and  resistor  noise  (et). 


I 

I 


V.  B 


OP-470 


TOTAL  NOISE  AND  SOURCE  RESISTANCE 

The  total  noise  of  an  op  amp  can  be  calulated  by: 

En  =  V  (en)2  +  (in  Rs)2  +  (et)z 

where: 

En  =  total  input  referred  noise 
en  =  op  amp  voltage  noise 
in  =  op  amp  current  noise 
et  =  source  resistance  thermal  noise 
Rs  =  source  resistance 

The  total  noise  is  referred  to  the  input  and  at  the  output  would 
be  amplified  by  the  circuit  gain. 

Figure  1  shows  the  relationship  between  total  noise  at  1kHz 
and  source  resistance.  For  Rg<  IkO  the  total  noise  is  domi¬ 
nated  by  the  voltage  noise  of  the  OP-470.  As  Rs  rises  above 

FIGURE  1:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  1kHz 


J 


FIGURE  2:  Total  Noise  vs  Source  Resistance  (Including 
Resistor  Noise)  at  10Hz 
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OP-470 


Ikn,  total  noise  increases  and  is  dominated  by  resistor  noise 
rather  than  by  voltage  or  current  noise  of  the  OP-470.  When 
Rg  exceeds  20kn,  current  noise  of  the  OP-470  becomes  the 
major  contributor  to  total  noise. 

Figure  2  also  shows  the  relationship  between  total  noise  and 
source  resistance,  but  at  10Hz.  Total  noise  increases  more 
quickly  than  shown  in  Figure  1  because  current  noise  is 
inversely  proportional  to  the  square  root  of  frequency.  In 
Figure  2,  current  noise  of  the  OP-470  dominates  the  total 
noise  when  Rg  >  5kn. 

From  Figures  1  and  2  it  can  be  seen  that  to  reduce  total  noise, 
source  resistance  must  be  kept  to  a  minimum.  In  applications 
with  a  high  source  resistance,  the  OP-400,  with  lower  current 
noise  than  the  OP-470,  will  provide  lower  total  noise. 

Figure  3  shows  peak-to-peak  noise  versus  source  resistance 
overthe  O.IHzto  10Hz  range.  Once  again,  at  low  values  of  Rg, 


FIGURE  3:  Peak-To-Peak  Noise  (0.1Hz  To  10Hz)  vs  Source 
Resistance  (Includes  Resistor  Noise) 


the  voltage  noise  of  the  OP-470  is  the  major  contributor  to 
peak-to-peak  noise  with  current  noise  the  major  contributor 
as  Rg  increases.  The  crossover  point  between  the  OP-470 
and  the  OP-400  for  peak-to-peak  noise  is  at  Rg  =  17kn. 

The  OP-471  is  a  higher  speed  version  of  the  OP-470,  with  a 
slew  rate  of  8V/jus.  Noise  of  the  OP-471  is  only  slightly  higher 
than  the  OP-470.  Like  the  OP-470,  the  OP-471  is  unity-gain 
stable. 

For  reference,  typical  source  resistances  of  some  signal 
sources  are  listed  in  Table  I. 


TABLE  J 


DEVICE 

SOURCE 

IMPEDANCE 

COMMENTS 

Strain  gauge 

<5000 

Typically  used  in  low-frequency 
applications. 

Magnetic 

tapehead 

<15000 

Low  lB  very  important  to  reduce 
self-magnetization  problems  when 
direct  coupling  is  used.  OP-470  lB 
can  be  neglected. 

Magnetic 

phonograph 

cartridges 

<15000 

Similar  need  for  low  lB  in  direct 
coupled  applications.  OP-470  will  not 
introduce  any  self-magnetization 
problem. 

Linear  variable 

differential 

transformer 

<15000 

Used  in  rugged  servo-feedback 
applications.  Bandwidth  of  interest  is 
400Hz  to  5kHz. 

For  further  information  regarding  noise  calculations,  see 
"Minimization  of  Noise  in  Op-Amp  Applications,” Applica¬ 
tion  Note  AN-15. 

NOISE  MEASUREMENTS  — 

PEAK-TO-PEAK  VOLTAGE  NOISE 

The  circuit  of  Figure  4  is  a  test  setup  for  measuring  peak-to- 
peak  voltage  noise.  To  measure  the  200nV  peak-to-peak 


FIGURE  4:  Peak-To-Peak  Voltage  Noise  Test  Circuit  (0.1Hz  To  10Hz) 


R3 


4 


i 
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ise  specification  of  the  OP-470  in  the  0.1  Hz  to  10Hz  range, 

Iollowing  precautions  must  be  observed: 

.  he  device  has  to  be  warmed-up  for  at  least  five  minutes. 
As  shown  in  the  warm-up  drift  curve,  the  offset  voltage 

I  pically  changes  5/*V  due  to  increasing  chip  temperature 
ter  power-up.  In  the  10-second  measurement  interval, 
these  temperature-induced  effects  can  exceed  tens- 

(f-nanovolts. 

Dr  similar  reasons,  the  device  has  to  be  well-shielded 
om  air  currents.  Shielding  also  minimizes  thermocouple 


4.  The  test  time  to  measure  O.IHz-to-IOHz  noise  should  not 
exceed  10  seconds.  As  shown  in  the  noise-tester  fre¬ 
quency-response  curve  of  Figure  5,  the  0.1Hz  corner  is 
defined  by  only  one  pole.  The  test  time  of  10  seconds  acts 
as  an  additional  pole  to  eliminate  noise  contribution  from 
the  frequency  band  below  0.1Hz. 

5.  A  noise-voltage-density  test  is  recommended  when  mea¬ 

suring  noise  on  a  large  number  of  units.  A  10Hz  noise- 
voltage-density  measurement  will  correlate  well  with  a 
0.1  Hz-to-IOHz  peak-to-peak  noise  reading,  since  both 
_ _ _ ix-  — „  a Kw  thou/hito  nni«ap  and  the  location 


of  the  1/f  corner  frequency. 

6.  Power  should  be  supplied  to  the  test  circuit  by  well 
bypassed  low-noise  supplies,  e.g.  batteries.  These  will 
minimize  output  noise  introduced  via  the  amplifier  supply 
pins. 

NOISE  MEASUREMENT  —  NOISE  VOLTAGE  DENSITY 

The  circuit  of  Figure  6  shows  a  quick  and  reliable  method  of 
measuring  the  noise  voltage  density  of  quad  op  amps.  Each 
individual  amplifier  is  series-connected  and  is  in  unity-gain, 
save  the  final  amplifier  which  is  in  a  noninverting  gain  of  101. 
Since  the  ac  noise  voltages  of  each  amplifier  are  uncorre¬ 
lated,  they  add  in  rms  fashion  to  yield: 

e out  =  101  (VenA2  +  enB2  +  enc2  +  enD2  ) 

The  OP-470  is  a  monolithic  device  with  four  identical  amplifi¬ 
ers.  The  noise  voltage  density  of  each  individual  amplifier  will 
match,  giving: 

e0uT=  101  (\/4e^  )  =  101  (2en) 


I 

I 

I 
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I  OP-470 

FIGURE  7:  Current  Noise  Density  Test  Circuit 


en  OUT  TO 

SPECTRUM  ANALYZER 


GAIN  =  10,000 
Vs  =  ±15V 


NOISE  MEASUREMENT  -  CURRENT  NOISE  DENSITY 

The  test  circuit  shown  in  Figure  7  can  be  used  to  measure 
current  noise  density.  The  formula  relating  the  voltage  output 
to  current  noise  density  is: 


FIGURE  8:  Driving  Large  Capacitive  Loads 


/jfenouT^2  _  ^ohV/n/IhfJ 


where: 


G  =  gain  of  10000 

Rs  =  lOOkfl  source  resistance 

CAPACITIVE  LOAD  DRIVING  AND  POWER 
SUPPLY  CONSIDERATIONS 

The  OP-470  is  unity-gain  stable  and  is  capable  of  driving 
large  capacitive  loads  without  oscillating.  Nonetheless,  good 
supply  bypassing  is  highly  recommended.  Proper  supply 
bypassing  reduces  problems  caused  by  supply  line  noise  and 
improves  the  capacitive  load  driving  capability  of  the  OP-470. 

In  the  standard  feedback  amplifier,  the  op  amp’s  output  res¬ 
istance  combines  with  the  load  capacitance  to  form  a  low- 
pass  filter  that  adds  phase  shift  in  the  feedback  network  and 
reduces  stability.  A  simple  circuit  to  eliminate  this  effect  is 
shown  in  Figure  8.  The  added  components,  Cl  and  FS3, 
decouple  the  amplifierfrom  the  load  capacitance  and  provide 
additional  stability.  The  values  of  Cl  and  R3  shown  in  Figure 
8  are  for  a  load  capacitance  of  up  to  lOOOpF  when  used  with 
the  OP-470. 

In  applications  where  the  OP-470's  inverting  or  noninverting 
inputs  are  driven  by  a  low  source  impedance  (under  100H)  or 
connected  to  ground,  if  V+  is  applied  before  V-,  or  when  V- 
is  disconnected,  excessive  parasitic  currents  will  flow.  Most 


CZ 

-^1 — | 
10(iF 


= 

-  Cl 

-  200 pF 

R3 

OP-470^— 

son 

C4 

^  i - 

_ 1  Ut _ _ 

C5  *>PF 


n  * 


■ztr  PLACE  SUPPLY  DECOUPLING 
CAPACITORS  AT  OP-470 


FIGURE  9:  Pulsed  Operation 
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(lications  use  dual  tracking  supplies  and  with  the  device 
ply  pins  properly  bypassed,  power-up  will  not  present  a 
Diem.  A  source  resistance  of  at  least  100fl  in  series  with  ail 
DUts  (Figure  8)  will  limit  the  parasitic  currents  to  a  safe  level 

(  is  disconnected.  It  should  be  noted  that  any  source 
tance,  even  100fl,  adds  noise  to  the  circuit.  Where  noise 
wv)Ujred  to  be  kept  at  a  minimum,  a  germanium  or  Schottky 
Dde  can  be  used  to  clamp  the  V-  pin  and  eliminate  the 
Asitic  currentflow  instead  of  using  series  limiting  resistors. 
|most  applications,  only  one  diode  clamp  is  required  per 
>ard  or  system. 


I 


TY-GAIN  BUFFER  APPLICATIONS 

nen  Rf  <  100H  and  the  input  is  driven  with  a  fast,  large- 

Ial  pulse  (>1  V),  the  output  waveform  will  look  as  shown  in 
re  9. 

jring  the  fast  feedthrough-like  portion  of  the  output,  the 

Ijt  protection  diodes  effectively  short  the  output  to  the 
ft,  and  a  current,  limited  only  by  the  output  short-circuit 
.cection,  will  be  drawn  by  the  signal  generator.  With  Rf> 
0X1,  the  output  is  capable  of  handling  the  current  require- 

Iits  (lL<  20mA  at  10V);  the  amplifier  will  stay  in  its  active 
ie  and  a  smooth  transition  will  occur. 

hen  Rf  >  3kn,  a  pole  created  by  Rf  and  the  amplifier’s  input 

Iacitance  (2pF)  creates  additional  phase  shift  and  reduces 
se  margin.  A  small  capacitor  (20  to  50pF)  in  parallel  with 
nelps  eliminate  this  problem. 
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5LICATIONS 
0W  NOISE  AMPLIFIER 

Imple  method  of  reducing  amplifier  noise  by  paralleling 
>lifiers  is  shown  in  Figure  10.  Amplifier  noise,  depicted  in 
gure  11,  is  around  2nV//Hz~ @  1  kHz  (R.T.I.).  Gain  foreach 

Ialleled  amplifier  and  the  entire  circuit  is  1000.  The  200H 
stors  limit  circulating  currents  and  provide  an  effective 
..put  resistance  of  50H.  The  amplifier  is  stable  with  a  10nF 
:pacitive  load  and  can  supply  up  to  30mA  of  output  drive. 

I  ITAL  PANNING  CONTROL 

„  jre  12  uses  a  DAC-8408,  a  quad  8-bit  DAC,  to  pan  a  signal 
itween  two  channels.  The  complementary  DAC  current 

I Duts  of  two  of  the  DAC-8408’s  four  DACs  drive  current-to- 
age  converters  built  from  a  single  quad  OP-470.  The 
nplifiers  have  complementary  outputs  with  the  amplitudes 

Iendent  upon  the  digital  code  applied  to  the  DAC.  Figure 
hows  the  complementary  outputs  for  a  1kHz  input  signal 
digital  ramp  applied  to  the  DAC  data  inputs.  Distortion  of 
e  digital  panning  control  is  less  than  0.01%. 

In  error  due  to  the  mismatching  between  the  internal  DAC 
jer  resistors  and  the  current-to-voltage  feedback  resis- 


I 

I 

I 

:V.  B 


0P470 


tors  is  eliminated  by  using  feedback  resistors  internal  to  the 
DAC.  Of  the  four  DACs  available  in  the  DAC-8408,  only  two, 
DACs  A  and  C,  actually  pass  a  signal.  DACs  B  and  D  are  used 
to  provide  the  additional  feedback  resistors  needed  in  the 
circuit.  If  the  VREFB  and  VrefD  inputs  remain  unconnected 
the  currrent-to-voltage  converters  using  RFbB  and  RfrD  are 
unaffected  by  digital  data  reaching  DACs  B  and  D. 


FIGURE  10:  Low  Noise  Amplifier 


+  15V 


FIGURE  11:  Noise  Density  of  Low  Noise  Amplifier,  G  =  1000 
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|  OP-470 

FIGURE  12:  Digital  Panning  Control  Circuit 
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FIGURE  13:  Digital  Panning  Control  Output 


FIGURE  14:  Squelch  Amplifier 


OP-470 


I _ _ 

E-BAND  LOW  NOISE  STEREO  GRAPHIC  EQUALIZER 

raphic  equalizer  circuit  shown  in  Figure  15  provides 
of  boost  or  cut  over  a  5-band  range.  Signal-to-noise 


_ _ _ I 

ratio  over  a  20kHz  bandwidth  is  better  than  lOOdB  referred  to 
a  3V  rms  input.  Larger  inductors  can  be  replaced  by  active 
inductors  but  this  reduces  the  signal-to-noise  ratio. 


IEV.  B 
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OPA627 

OPA637 

AVAILABLE  IN  DIE 


Precision  High-Speed 
Difet ®  OPERATIONAL  AMPLIFIERS 


FEATURES 

•  VERY  LOW  NOISE:  4.5nV/\,Hz  at  10kHz 

•  FAST  SETTLING  TIME: 

OPA627— 550ns  to  0.01% 

OPA637 — 450ns  to  0.01% 

•  LOW  Vog*.  IOOjiV  max 

•  LOW  DRIFT:  0.8pV/°C  max 

•  LOW  1B:  5pA  max 

•  OPA627:  Unity-Gain  Stable 

•  OPA637:  Stable  in  Gain  >  5 


APPLICATIONS 

•  PRECISION  INSTRUMENTATION 

•  FAST  DATA  ACQUISITION 

•  DAC  OUTPUT  AMPLIFIER 

•  OPTOELECTRONICS 

•  SONAR,  ULTRASOUND 

•  HIGH-IMPEDANCE  SENSOR  AMPS 

•  HIGH-PERFORMANCE  AUDIO  CIRCUITRY 

•  ACTIVE  FILTERS 


DESCRIPTION 

The  OPA627  and  OPA637  Difet  operational  ampli¬ 
fiers  provide  a  new  level  of  performance  in  a  precision 
FET  op  amp.  When  compared  to  the  popular  OPA1 1 1 
op  amp,  the  OPA627/637  has  lower  noise,  lower  offset 
voltage,  and  much  higher  speed.  It  is  useful  in  a  broad 
range  of  precision  and  high  speed  analog  circuitry. 

The  OPA627/637  is  fabricated  on  a  high-speed,  die¬ 
lectrically-isolated  complementaiy  NPN/PNP  proc¬ 
ess.  It  operates  over  a  wide  range  of  power  supply 
voltage — ±4.5 V  to  ±18V.  Laser-trimmed  Difet  input 
circuitry  provides  high  accuracy  and  low-noise  per- 


High  frequency  complementary  transistors  allow 
increased  circuit  bandwidth,  attaining  dynamic  per¬ 
formance  not  possible  with  previous  precision  FET  op 
amps.  The  OPA627  is  unity-gain  stable.  The  OPA637 
is  stable  in  gains  equal  to  or  greater  than  five. 

Difet  fabrication  achieves  extremely  low  input  bias 
currents  without  compromising  input  voltage  noise 
performance.  Low  input  bias  current  is  maintained 
over  a  wide  input  common-mode  voltage  range  with 
unique  cascode  circuitiy. 

The  OPA627/637  is  available  in  plastic  DIP,  SOIC 
and  metal  TO-99  packages.  Industrial  and  military 
temperature  range  models  are  available. 
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OPA627BM/BP/SM 

OPA637BM/BP/SM 


OPA627AM/AP/AU 

OPA637AM/AP/AU 


CONDITIONS 


Or,  Call  Customer  Service  at  1-800-548-6132  (USA  Only) 

SPECIFICATIONS 

ELECTRICAL 

Ta  =  +25°C,  V£  =  ±15V  unless  otherwise  noted. 


PARAMETER 


OFFSET  VOLTAGE® 
Input  Offset  Voltage 
AP,  BP,  AU  Grades 
Average  Drift  • 

AP,  BP,  AU  Grades 
Power  Supply  Rejection 


INPUT  BIAS  CURRENT® 
Input  Bias  Current 
Over  Specified  Temperature 
SM  Grade 

Over  Common-Mode  Voltage 
Input  Offset  Current 
Over  Specified  Temperature 
SM  Grade 


NOISE 

Input  Voltage  Noise 
Noise  Density:  f  «  10Hz 
f  =  100Hz 
f  =  1kHz 
f  =  10kHz 

Voltage  Noise,  BW  =  0.1  to  10Hz 
Input  Bias  Current  Noise 
Noise  Density,  f  =  100Hz 
Current  Noise,  BW  =  0.1  to  10Hz 


INPUT  IMPEDANCE 

Differential 

Common-Mode 


INPUT  VOLTAGE  RANGE 

Common-Mode  Input  Range 
Over  Specified  Temperature 
Common-Mode  Rejection 


OPEN-LOOP  GAIN 

Open-Loop  Voltage  Gain 
Over  Specified  Temperature 
SM  Grade 


FREQUENCY  RESPONSE 

Slew  Rate:  OPA627 
OPA637 

Settling  Time:  OPA627  0.01% 
0.1% 

OPA637  0.01% 

0.1% 

Gain-Bandwidth  Product:  OPA627 
OPA637 

Total  Harmonic  Distortion  +  Noise 


POWER  SUPPLY 

Specified  Operating  Voltage 
Operating  Voltage  Range 
Current 


OUTPUT 

Voltage  Output 
Over  Specified  Temperature 
Current  Output 
Short  Circuit  Current 
Output  Impedance,  Open-Loop 


TEMPERATURE  RANGE 

Specification:  AP,  BP,  AM,  BM,  AU 
SM 

Storage:  AM,  BM,  SM 
AP.  BP,  AU 
6  •  AM,  BM,  SM 
AP,  BP 
AU 


*  Specifications  same  as  "B"  grade. 

NOTES:  (1)  Offset  voltage  measured  fully  warmed-up.  (2)  High-speed  test  at  T0  =  25°C.  See  Typical  Performance  Curves  for  warmed-up  performance. 

The  information  provided  herein  is  believed  to  be  reliable;  however,  BURR-BROWN  assumes  no  responsibility  for  inaccuracies  or  omissions.  BURR-BROWN  assumes 
no  responsibility  for  the  use  of  this  information,  and  all  use  of  such  information  shall  be  entirely  at  the  user's  own  risk.  Prices  and  specifications  are  subject  to  change 
without  notice.  No  patent  rights  or  licenses  to  any  of  the  circuits  described  herein  are  implied  or  granted  to  any  third  party.  BURR-BROWN  does  not  authorize  or  warrant 
any  BURR-BROWN  product  for  use  in  life  support  devices  and/or  systems. 
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G  =-1, 10V  Step 
G  =  -4,  10V  Step 
G  =-1, 10V  Step 
G  =  -1,  10V  Step 
G  =-4, 10V  Step 
G  =  -4, 10V  Step 
G  =  1 
G  =  10 

G  =  +1,  f  =  1kHz 


55 

135 

550 

450 

450 

300 

16 

80 

0.00003 


* 

• 

Q||pF 

QllpF 

•  • 

V 

*  * 

V 

100  110 

dB 

106  116 

dB 

100  110 

dB 

dB 

V/gs 

•  ♦ 

V/gs 

♦ 

ns 

* 

ns 

* 

ns 

ns 

MHz 

* 

MHz 

# 

% 

* 

V 

* 

*  V  . 

* 

*  mA 
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DICE  information 


For  Immediate  Assistance,  Contact  Mr  Local  Salesperson 


OPA627  DIE  TOPOGRAPHY 


PAD 

FUNCTION 

1 

Offset  Trim 

2 

-In 

3 

+ln. 

4 

-Vs 

Substrate  Bias:  Dielectrically  isolated. 


PAD 


FUNCTION 


5 

6 

7 

8 

NC 


Offset  Trim 
Output 
+Vs 

Substrate 
No  Connection 


See  data  sheet  for  connection  options. 


OPA637  DIE  TOPOGRAPHY 


MECHANICAL  INFORMATION 


MILS  (0.0011 

MILLIMETERS 

Die  Size 

Die  Thickness 
Min.  Pad  Size 

117x80  ±5 

20  ±3 

4x4 

2.97  x  2.03  ±0.13 
0.51  ±0.08 
0.10x0.10 

Transistor  Count  46 

Backing:  None 

See  “DICE  PRODUCTS"  Appendix  C  in  Burr-Brown  Data 
Book,  or  contact  factory  for  current  information. _ 


ORDERING  INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

OPA627AP 

OPA627BP 

OPA627AU 

OPA627AM 

OPA627BM 

OPA627SM 

Plastic  DIP 

Plastic  DIP 

SOIC 

TO-99  Metal 

TO-99  Metal 

TO-99  Metal 

-25°C  to  +85°C 
-25°C  to  +85  °C 
-25°C  to  +85°C 
-25°C  to  +85  °C 
-25°C  to  +85°C 
-55°C  to  +125°C 

OPA637AP 

OPA637BP 

OPA637AU 

OPA637AM 

OPA637BM 

OPA637SM 

Plastic  DIP 

Plastic  DIP 

SOIC 

TO-99  Metal 

TO-99  Metal 

TO-99  Metal 

-25°C  to  +85°C 
-25°C  to  +85°C 
-25°C  to  +85°C 
-25°C  to  +85  °C 
-25°C  to  +85°C 
-55°C  to  +1 25°C 

PACKAGE  INFORMATION01 


ABSOLUTE  MAXIMUM  RATINGS 


Supply  Voltage . 

_ ±18V 

. +VS  +  2V  to  -Vs  -  2  V 

. *  ..'..Total  V,  +  4V 

UNItMCIIUCU  Mipui  i  . .  ~ 

. rv— I—,..,  . . . „....1000mW 

rower  . . 

Operating  Temperature 

. -S5°C  to  +125‘C 

. -40°C  to  +125°C 

Storage  Temperature 

. -85°C  to  +150°C 

™ .  . -4o°ct0+i25°c 

Junction  Temperature 

. . . +175°C 

P,  U  Package . 

.  _ . . -WUUw 

SOIC  (soldering,  3s) . 

. +260°C 

PACKAGE  DRAWING 

MODEL 

PACKAGE 

NUMBER 

OPA627AP 

Plastic  DIP 

006 

OPA627BP 

Plastic  DIP 

006 

OPA627AU 

SOIC 

182 

OPA627AM 

TO-99  Metal 

001 

OPA627BM 

TO-99  Metal 

001 

OPA627SM 

TO-99  Metal 

001 

OPA637AP 

Plastic  DIP 

006 

OPA637BP 

Plastic  DIP 

006 

OPA637AU 

SOIC 

182 

OPA637AM 

TO-99  Metal 

001 

OPA637BM 

TO-99  Metal 

001 

OPA637SM 

TO-99  Metal 

001 

NOTE:  (1)  For  detailed  drawing  and  dimension  table,  please  see  end  of  data 
sheet,  or  Appendix  D  of  Burr-Brown  1C  Data  Book. 
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Noise  Bandwidth: 
0.1Hz  to  indicated 
frequency. 


10  100  Ik  10k  100k  1M 

Bandwidth  (Hz) 


VOLTAGE  NOISE  vs  SOURCE  RESISTANCE 
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Spot  Noise 
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OPEN  LOOP  GAIN  vs  FREQUENCY 
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Common-Mode  Rejection  Ratio  (dB)  Voltage  Gain  (dB)  Gain  (dB) 


For  humiliate  Ussistai ice,  Matt  M  Local  Salesperson 

TYPICAL  PERFORMANCE  CURVES  (CONT) 

Ta  =  +25°C,  Vs  «=  ±15V  unless  otherwise  noted. 


1  10  100 


Frequency  (MHz) 


-75  -50  -25  0  25  50  75  100  125 

Temperature  (°C) 


OPEN-LOOP  OUTPUT  IMPEDANCE  vs  FREQUENCY 


Frequency  (Hz) 


1  10  100  IK  10k  100K  1M  10M 

Frequency  (Hz) 


COMMON-MODE  REJECTION  vs 


-15  -10  -5  0  5  10 

Common-Mode  Voltage  (V) 
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Or,  Call  easterner  Seme  at  I-SSS-S4S-S132  (USA  Oalfj 

VypiCAL  PERFORMANCE  CURVES  (CONT) 

__  =  +15V  unless  otherwise  noted. 


POWER-SUPPLY  REJECTION  vs  FREQUENCY 
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POWER-SUPPLY  REJECTION  AND  COMMON-MODE 
REJECTION  vs  TEMPERATURE 


PSR 

_ 

~CMR 
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Temperature  (°C) 


SUPPLY  CURRENT  vs  TEMPERATURE 


-75  -50  -25  0  25  50  ..  75  100  125 

Temperature  (°C) 


OUTPUT  CURRENT  LIMIT  vs  TEMPERATURE 
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OPA627  GAIN-BANDWIDTH  AND  SLEW  RATE 
vs TEMPERATURE 
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OPA637  GAIN-BANDWIDTH  AND  SLEW  RATE 
vs  TEMPERATURE 
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(srl/A)  eietl  «6IS 


Multiplier  Input  Current  (pA)  P  0  THD  +  N(%) 


For  Immediate  Assistance,  Contact  four  Local  Salesperson 

TYPICAL  PERFORMANCE  CURVES  (CON7) 

Ta  -  +25°C.  Vs  =  ±15V  unless  otherwise  noted. 


OPA627  TOTAL  HARMONIC  DISTORTION  +  NOISE 


20  100  Ik  10k  20k 


OPA637 TOTAL  HARMONIC  DISTORTION  +  NOISE 


20  100  Ik  10k  20k 


Frequency  (Hz) 


Frequency  (Hz) 


INPUT  BIAS  AND  OFFSET  CURRENT 


-50  -25  0  25  50  75  100  125  150 


INPUT  BIAS  CURRENT 


±4  ±6  ±8  ±10  ±12  ±14  ±16  ±18 


Junction  Temperature  (°C) 


Supply  Voltage  (±VS ) 


INPUT  BIAS  CURRENT  vs  COMMON-MODE  VOLTAGE 


Or,  Call  Customer  Senice  at  WII-54S-6132  (USA  Oolf) 

TYPICAL  PERFORMANCE  CURVES  (CONT) 

=  +25°C,  V6  =  ±15V  unless  otherwise  noted. 


MAX  OUTPUT  VOLTAGE  vs  FREQUENCY 


SETTLING  TIME  vs  CLOSED-LOOP  GAIN 
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SETTLING  TIME  vs  ERROR  BAND 


SETTLING  TIME  vs  LOAD  CAPACITANCE 


+5V 

OPA627 

OPA637 

xRf|  “lt 

R|  2k  £2 

500 £2 

-5V 

Rp  2k  £2 

2  k  £2 

X2kQ< 

Cp6pF 

4pF 

— 

iSSiSii 


0.1 

Error  Band  (%) 


Error  Band: 
±0.01% 


OPA637 
G  =  -4 


•  OPA627 
-G  =  -1  1 


*  200  300 

Load  Capacitance  (pF) 


APPLICATIONS  INFORMATION 

The  OPA627  is  unity-gain  stable.  The  OPA637  may  be  used 
to  achieve  higher  speed  and  bandwidth  in  circuits  with  noise 
gain  greater  than  five.  Noise  gain  refers  to  the  closed-loop 
gain  of  a  circuit  as  if  the  non-inverting  op  amp  input  were 
being  driven.  For  example,  the  OPA637  may  be  used  in  a 
non-inverting  amplifier  with  gain  greater  than  five,  or  an 
inverting  amplifier  of  gain  greater  than  four. 

When  choosing  between  the  OPA627  or  OPA637,  it  is 
important  to  consider  the  high  frequency  noise  gain  of  your 
circuit  configuration.  Circuits  with  a  feedback  capacitor 
(Figure  1)  place  the  op  amp  in  unity  noise-gain  at  high 
frequency.  These  applications  must  use  the  OPA627  for 
proper  stability.  An  exception  is  the  circuit  in  Figure  2, 
where  a  small  feedback  capacitance  is  used  to  compensate 
for  the  input  capacitance  at  the  op  amp’s  inverting  inp  at.  In 
this  case,  the  closed-loop  noise  gain  remains  constant  with 
frequency,  so  if  the  closed-loop  gain  is  equal  to  five  or 
greater,  the  OPA637  may  be  used. 


FIGURE  1.  Circuits  with  Noise  Gain  Less  than  Five  Require 
the  OPA627  for  Proper  Stability. 
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OPERATIONAL  AMPLIFIERS  D  OPA627/637 


For  Immediate  Assistance,  Contact  Your  Local  Salesperson 


OFFSET  VOLTAGE  ADJUSTMENT 

The  OPA627/637  is  laser-trimmed  for  low  offset  voltage 
and  drift,  so  many  circuits  will  not  require  external  adjust¬ 
ment.  Figure  3  shows  the  optional  connection  of  an  external 
potentiometer  to  adjust  offset  voltage.  This  adjustment  should 
not  be  used  to  compensate  for  offsets  created  elsewhere  in  a 
system  (such  as  in  later  amplification  stages  or  in  an  A/D 
converter)  because  this  could  introduce  excessive  tempera¬ 
ture  drift.  Generally,  the  offset  drift  will  change  by  approxi¬ 
mately  4jiV/°C  for  lmV  of  change  in  the  offset  voltage  due 
to  an  offset  adjustment  (as  shown  on  Figure  3). 


c2 


FIGURE  2.  Circuits  with  Noise  Gain  Equal  to  or  Greater  than 
Five  May  Use  the  OPA637. 

NOISE  PERFORMANCE 

Some  bipolar  op  amps  may  provide  lower  voltage  noise 
performance,  but  both  voltage  noise  and  bias  current  noise 
contribute  to  the  total  noise  of  a  system.  The  OPA627/637 
is  unique  in  providing  very  low  voltage  noise  and  very  low 
current  noise.  This  provides  optimum  noise  performance 
over  a  wide  range  of  sources,  including  reactive  source 
impedances.  This  can  be  seen  in  the  performance  curve 
showing  the  noise  of  a  source  resistor  combined  with  the 


noise  of  an  OPA627.  Above  a  2kQ  source  resistance,  the  op 
amp  contributes  little  additional  noise.  Below  lkfi,  op  amp 
noise  dominates  over  the  resistor  noise,  but  compares 
favorably  with  precision  bipolar  op  amps. 

CIRCUIT  LAYOUT 

As  with  any  high  speed,  wide  bandwidth  circuit,  careful 
layout  will  ensure  best  performance.  Make  short,  direct 
interconnections  and  avoid  stray  wiring  capacitance —  es¬ 
pecially  at  the  input  pins  and  feedback  circuitry. 

The  case  connection  (pin  8  of  TO-99  metal  package  only) 
should  be  connected  to  an  AC  ground  for  lowest  possible 
pickup  of  external  fields.  While  DC  ground  would  be  the 
most  likely  choice,  pin  8  could  also  be  connected  to  either 
power  supply.  (The  case  is  not  internally  connected  to  the 
negative  power  supply  as  it  is  with  most  common  op  amps.) 
For  lowest  possible  input  bias  current,  the  case  may  be 
driven  as  a  guard — see  Input  Bias  Current  section.  Pin  8  of 
the  plastic  DIP  and  SOIC  versions  has  no  internal  connec¬ 
tion. 

Power  supply  connections  should  be  bypassed  with  good 
high  frequency  capacitors  positioned  close  to  the  op  amp 


+vs 


FIGURE  3.  Optional  Offset  Voltage  Trim  Circuit. 


Noninverting 


Buffer 


1  °— MA 


Board  Layout  for  Input  Guarding: 
Guard  top  and  bottom  of  board. 
Alternate— use  Teflon®  standoff  for 
sensitive  input  pins. 

Teflon®  E.l.  du  Pont  de  Nemours  &  Co. 

NOTE:  (1)  Case  connected  to  pin  8  on 
TO-99  package  only— see  text. 


Inverting 


vW-i 


oOut 


FIGURE  4.  Connection  of  Input  Guard  for  Lowest  Ifi. 
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"pins.  In  most  cases  0.1  |iF  ceramic  capacitors  are  adequate. 
The  OPA627/637  is  capable  of  high  output  current  (in 

I  excess  of  45mA).  Applications  with  low  impedance  loads  or 
capacitive  loads  with  fast  transient  signals  demand  large 
currents  from  the  power  supplies.  Larger  bypass  capacitors 

I  such  as  lpF  solid  tantalum  capacitors  may  improve  dynamic 
performance  in  these  applications. 

■s 

I  INPUT  BIAS  CURRENT 

Difet  fabrication  of  the  OPA627/637  provides  very  low 
*  input  bias  current.  Since  the  gate  current  of  a  FET  doubles 

■approximately  every  10°C,  to  achieve  lowest  input  bias 
current,  the  die  temperature  should  be  kept  as  low  as  pos¬ 
sible.  The  high  speed  and  therefore  higher  quiescent  current 

I  of  the  OPA627/637  can  lead  to  higher  chip  temperature.  A 
simple  press-on  heat  sink  such  as  the  Burr-Brown  model 
807HS  (TO-99  metal  package)  can  reduce  chip  temperature 
by  approximately  15°C,  lowering  the  IB  to  one-third  its 

I  warmed-up  value.  The  807HS  heat  sink  can  also  reduce  low- 
frequency  voltage  noise  caused  by  air  currents  and  thermo- 
1  electric  effects.  See  the  data  sheet  on  the  807HS  for  details. 

■Temperature  rise  in  the  plastic  DIP  and  SOIC  packages  can 
■be  minimized  by  soldering  the  device  to  the  circuit  board. 
*Wide  copper  traces  will  also  help  dissipate  heat. 

■The  OPA627/637  may  also  be  operated  at  reduced  power 
■supply  voltage  to  minimize  power  dissipation  and  tempera¬ 
ture  rise.  Using  ±5V  power  supplies  reduces  power  dissipa- 

Ition  to  one-third  of  that  at  ±15V.  This  reduces  the  IB  of  TO- 
99  metal  package  devices  to  approximately  one-fourth  the 
value  at  +15V. 

I  Leakage  currents  between  printed  circuit  board  traces  can 
easily  exceed  the  input  bias  Current  of  the  OPA627/637.  A 
-s  circuit  board  “guard”  pattern  (Figure  4)  reduces  leakage 

I  effects.  By  surrounding  critical  high  impedance  input  cir¬ 
cuitry  with  a  low  impedance  circuit  connection  at  the  same 
4  potential,  leakage  current  will  flow  harmlessly  to  the  low- 
impedance  node.  The  case  connection  (TO-99  metal  pack¬ 


age  only)  may  also  be  driven  at  guard  potential  to  minimize 
any  leakage  which  might  occur  from  the  input  pins  to  the 
case.  The  case  is  not  internally  connected  to  -Vs. 

Input  bias  current  may  also  be  degraded  by  improper  han¬ 
dling  or  cleaning.  Contamination  from  handling  parts  and 
circuit  boards  may  be  removed  with  cleaning  solvents  and 
deionized  water.  Each  rinsing  operation  should  be  followed 
by  a  30-minute  bake  at  85°C. 

Many  FET-input  op  amps  exhibit  large  changes  in  input  bias 
current  with  changes  in  input  voltage.  Input  stage  cascode 
circuitry  makes  the  input  bias  current  of  the  OPA627/637i 
virtually  constant  with  wide  common-mode  voltage  changes] 
This  is  ideal  for  accurate  high  input-impedance  buffer  appli-1 
cations. 


e 

1 


G  =  +1 
BW  Si MHz 


20Q 

l^OPA627 


I  Ct 

-±r  5nF 


!  Optional  Gain  *  I  For  Approximate  Butterworth  Response: 

[__Gain  >_1  _ ]  q  _  2  RqCl  Rf»R0 

F_ 

f-MB  =  2*VFV  n,  s  q. 

FIGURE  6.  Driving  Large  Capacitive  Loads. 

PHASE-REVERSAL  PROTECTION 

The  OPA627/637  has  internal  phase-reversal  protection. 
Many  FET-input  op  amps  exhibit  a  phase  reversal  when  the 
input  is  driven  beyond  its  linear  common-mode  range.  This 
is  most  often  encountered  in  non-inverting  circuits  when  the 
input  is  driven  below  -12V,  causing  the  output  to  reverse 
into  the  positive  rail.  The  input  circuitry  of  the  OPA627/637 
does  not  induce  phase  reversal  with  excessive  common¬ 
mode  voltage,  so  the  output  limits  into  the  appropriate  rail. 

OUTPUT  OVERLOAD 

When  the  inputs  to  the  OPA627/637  are  overdriven,  the 
output  voltage  of  the  OPA627/637  smoothly  limits  at  ap¬ 
proximately  2.5V  from  the  positive  and  negative  power 
supplies.  If  driven  to  the  negative  swing  limit,  recovery 
takes  approximately  500ns.  When  the  output  is  driven  into 
the  positive  limit,  recovery  takes  approximately  6ps.  Output 
recovery  of  the  OPA627  can  be  improved  using  the  output 
clamp  circuit  shown  in  Figure  5.  Diodes  at  the  inverting 
input  prevent  degradation  of  input  bias  current. 


FIGURE  5.  Clamp  Circuit  for  Improved  Overload  Recovery. 
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CAPACITIVE  LOADS 

As  with  any  high-speed  op  amp,  best  dynamic  1**°"™" 
can  be  achieved  by  minimizing  the  capacmve  load .Since a 
load  capacitance  presents  a  decreasing  impedance  at  high 
a  load  capacitance  which  is  easily  dnven  bya 
Slow  op^amp  can  cause  a  high-speed  op  amp  to  perform 
poorly  PSee  the  typical  curves  showing  settll"g.^S  ^ 
tortfon  of  capacitive  load.  The  lower  bandwidth  of  the 
OPA627  makes  it  the  better  choice  for  driving  large  capaci¬ 
tive  loads.  Figure  6  shows  a  circuit  for  driving  very  large 
load  capacitance.  This  circuit’s  two-pole .response  can  * 
be  used  to  sharply  limit  system  bandwidth.  Hus  is  otten 
Ufht^Ute  noise  of  systems  which  do  no,  requne 
the  full  bandwidth  of  the  OPA627. 

INPUT  PROTECTION 

The  inputs  of  the  OPA627/637  are  protected  for  voltages 
between  +VS  +  2V  and  -V$  -  2V.  If  the  input  voltage  can 
S^ed  these  limits.  the  amplifier  should  be  protected. 'Hie 
diode  clamps  shown  in  Figure  7a  will  prevent  the  input 
voltage  from  exceeding  one  forward  diode  voltage drop 
beyond  the  power  supplies— well  within  e  e  t  • 
the  input  source  can  deliver  current  m  excess  of  the  max, 
mum  forward  current  of  the  protection  diodes,  use  a  senes 
resistor.  R,  to  limit  the  current.  Be  awar, 
resisumce  to  dte  input  will  inc^seno^- ■  Jhe4n 
theoretical  thermal  noise  of  a  lki2  resist 
4.5 „VW®  noise  of  the  OPAS27/637  (by  dte  *tj®*«*| 
the  sum  of  the  squares),  producing  a  total  noise  of  6nV/VH  . 
Resistors  below  100 <3  add  negligible  noise. 

Leakage  current  in  the  protection  diodes  can  increase  Ae 
total  input  bias  current  of  the  circuit.  The  specified  max 
mum  leakage  current  for  commonly  used  diodes  such  as  the 
1N4148  is  approximately  25nA-more  than  a  thousand 


large-signal  response 


/  D: 
Optional  Rs 


-Vs  i 


J+/OPA627 

^  D:  IN4148  —  25nA  Leakage 
2N4117A  — IpA  Leakage 
Siliconix 


dT  d i 


OPA627 

D:  2N3904 


FIGURE  7.  Input  Protection  Circuits. 

times  larger  than  the  input  bias  current  of  the  OPA627&JJ 
Leakage  current  of  these  diodes  is  typically  much  lower 
may  be  adequate  in  many  applications.  Light  falling  at  Hu 
junction  of  dte  ptotection  diodes  can  tamaticdly 
leakage  cunent,  so  common  glass-packaged  diodes  sho* 
be  sldelded  from  ambient  light.  Very  tow  leakage  «£ 
achieved  by  using  a  diode-connected  FET  as  shown.to 
2N4117A  is  specified  at  IpA  and  its  metal  case  shields* 

junction  from  light. 

Sometimes  input  protection  is  required  on  UV 
inverting  amplifiers  (Figure  7b).  Although  m  nom*** 
tion,  the  voltage  at  the  summing  junenon  ^1  benear 
(equal  to  the  offset  voltage  of  the  amplifier),  largernf* 
transients  may  cause  this  node  to  exceed  2V  beyond  * 


SMALL-SIGNAL  RESPONSE 


.  ..niKt-nnin  buffer  large  common-mode  input  voltage  steps 
When  used  as  a  unity-gain  Duner,  arg  causes  the  nsmg 

ss?  ssrsa?  *.  - 

observed  in  higher-gain  circuits. 


OPA627 


FIGURE  8.  OPA627  Dynamic  Performance,  G  -  +1- 
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Cwcr  supplies-  In  this  case,  the  summing  junction  should  be 
with  diode  clamps  connected  to  ground.  Even  with 
the  low  voltage  present  at  the  summing  junction,  com¬ 
mon  signal  diodes  may  have  excessive  leakage  current. 


Since  the  reverse  voltage  on  these  diodes  is  clamped,  a 
diode-connected  signal  transistor  can  be  used  as  an  inexpen¬ 
sive  low  leakage  diode  (Figure  7b). 


FIGURE  9.  OPA627  Dynamic  Performance,  G  =  -1 . 


FIGURE  10.  OPA637  Dynamic  Response,  G  =  5. 
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Error  Out 


Error  Band 
(0.01%) 


High  Quality  ( 
Pulse  Generator 


>iHbT 


NOTE:  Cp  is  selected  for  best  settling  time  performance 
depending  on  test  fixture  layout  Once  optimum  value  is 
determined,  a  fixed  capacitor  may  be  used. 


FIGURE  II.  Settling  Time  and  Slew  Rate  Test  Circuit. 


Differential  Voltage  Gain  =  1  +  2RF  /Rs 


FIGURE  12.  High  Speed  Instrumentation  Amplifier,  Gain  =  100. 


FIGURE  14.  Composite  Amplifier  for  Wide  Bandwidth. 
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Low  Cost  Precision  1C 
Temperature  Transducer 


AD592' 


ANALOG 

DEVICES 


FEATURES 

High  Precalibrated  Accuracy:  0.5X  max  @  25°C 
Excellent  Linearity:  0.1 5X  max  (0  to  +70X) 

Wide  Operating  Temperature  Range:  -25°C  to  +  105X 

Single  Supply  Operation:  +4V  to  +30V 

Excellent  Repeatability  and  Stability 

High  Level  Output:  IpA/K 

Two  Terminal  Monolithic  1C:  Temperature  In/ 

Current  Out 


CONNECTION  DIAGRAM 


Minimal  Self-Heating  Errors 


♦PIN  2  CAN  BE  EITHER  ATTACHED  OR  UNCONNECTED 


BOTTOM  VIEW 


PRODUCT  DESCRIPTION 

The  AD592  is  a  two  terminal  monolithic  integrated  circuit  tem¬ 
perature  transducer  that  provides  an  output  current  proportional 
to  absolute  temperature.  For  a  wide  range  of  supply  voltages  the 
transducer  acts  as  a  high  impedance  temperature  dependent 
current  source  of  IpA/K.  Improved  design  and  laser  wafer 
trimming  of  the  IC’s  thin  film  resistors  aUows  the  AD592  to 
achieve  absolute  accuracy  levels  and  nonlinearity  errors  previously 
unattainable  at  a  comparable  price. 

The  AD592  can  be  employed  in  applications  between  —  25°C 
and  +  105°C  where  conventional  temperature  sensors  (i.e.,  ther¬ 
mistor,  RTD,  thermocouple,  diode)  are  currently  being  used. 
The  inherent  low  cost  of  a  monolithic  integrated  circuit  in  a 
plastic  package,  combined  with  a  low  total  pans  count  in  any 
given  application,  make  the  AD592  the  most  cost  effective  tem¬ 
perature  transducer  currently  available.  Expensive  linearization 
circuitry,  precision  voltage  references,  bridge  components,  resis¬ 
tance  measuring  circuitry  and  cold  junction  compensation  are 
not  required  with  the  AD592. 

Typical  application  areas  include;  appliance  temperature  sensing, 
automotive  temperature  measurement  and  control,  HVAC  (heat¬ 
ing/ventilating/air  conditioning)  system  monitoring,  industrial 
temperature  control,  thermocouple  cold  junction  compensation, 
board-level  electronics  temperature  diagnostics,  temperature 
readout  options  in  instrumentation,  and  temperature  correction 
circuitry  for  precision  electronics.  Particularily  useful  in  remote 
sensing  applications,  the  AD592  is  immune  to  voltage  drops  and 
voltage  noise  over  long  lines  due  to  its  high  impedance  current 
output.  AD592s  can  easily  be  multiplexed;  the  signal  current 
can  be  switched  by  a  CMOS  multiplexer  or  the  supply  voltage 
can  be  enabled  with  a  tri-state  logic  gate. 


The  AD592  is  available  in  three  performance  grades;  the 
AD592AN,  AD592BN  and  AD592CN.  All  devices  are  packaged 
in  a  plastic  TO-92  case  rated  from  -  45°C  to  +  125°C.  Performance 
is  specified  from  -25°C  to  +  105°C.  AD592  chips  are  also 
available,  contact  the  factory  for  details. 


PRODUCT  HIGHLIGHTS 

1.  With  a  single  supply  (4V  to  30V)  the  AD592  offers  0.5°C 
temperature  measurement  accuracy. 

2.  A  wide  operating  temperature  range  ( -  25°C  to  +  105°C)  and 
highly  linear  output  make  the  AD592  an  ideal  substitute  for 
older,  more  limited  sensor  technologies  (i.e.,  thermistors, 
RTDs,  diodes,  thermocouples). 

3.  The  AD592  is  electrically  rugged;  supply  irregularities  and 
variations  or  reverse  voltages  up  to  20V  will  not  damage  the 
device. 

4.  Because  the  AD592  is  a  temperature  dependent  current  source, 
it  is  immune  to  voltage  noise  pickup  and  IR  drops  in  the 
signal  leads  when  used  remotely. 

5.  The  high  output  impedance  of  the  AD592  provides  greater 
than  0.5 °C/V  rejection  of  supply  voltage  drift  and  ripple. 

6.  Laser  wafer  trimming  and  temperature  testing  insures  that 
AD592  units  are  easily  interchangeable. 

7.  Initial  system  accuracy  will  not  degrade  significantly  over 
time.  The  AD592  has  proven  long  term  performance  and 
repeatability  advantages  inherent  in  integrated  circuit  design 
and  construction. 


♦Protected  by  Patent  No.  4,123,698. 
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AD592  —  SPECIFICATIONS  (typical  @  +25°C,  VS  =  +5V  unless  oft 

lerwise  noted) 

Afadcl 

AD592AN 

Min  Typ  Max 

AD592BN 

Min  Typ  Max 

AD592CN 

Min  Typ  Max 

Units 

ACCURACY 

Calibration  Error  @25“C' 

Ta  =  Oto  +70°C 

Error  over  Temperature 
Nonlinearity2 

Ta  =  -  25  to  +  105°C 

Error  over  Temperature3 

1.5  2.5 

1.8  3.0 

0.15  0.35 

2.0  3.5 

0.25  0.5 

0.7  1.0 

0.8  1.5 

0.1  0.25 

0.9  2.0 

0.2  0.4 

0.3  0.5 

0.4  0.8 

0.05  0.15 

0.5  1.0 

0.1  0.35 

“C 

°c 

“C 

°c 

“C 

OUTPUT  CHARACTERISTICS 

Nominal  Current  Output 
@25°C(298.2K) 

Temperature  Coefficient 

Repeatability'1 

298.2 

1 

0.1 

0.1 

298.2 

1 

0.1 

0.1 

298.2 

1 

0.1 

0.1 

pA 

vM°C 

°C 

°C/month 

ABSOLUTE  MAXIMUM  RATINGS 
Opera  tingTemperature 

Package  Temperature* 

Forward  Voltage  (+  to  -) 

Reverse  Voltage  (-  to  +) 

Lead  Temperature 

-25  +105 

-45  +125 

44 

20 

300 

-25  +105 

—  45  +125 

44 

20 

300 

-25  +105 

-45  +125 

44 

20 

300 

°C 

°C 

V 

V 

°C 

POWER  SUPPLY 

Operating  Voltage  Range 

Power  Supply  Rejection 
+  4V<VS<  +  5V 
+  5V<VS<  +  15V 
+  15V<VS<  +  30V 

4  30 

0.5 

0.2 

0.1 

4  30 

0.5 

0.2 

0.1 

4  30 

0.5 

0.2 

0.1 

V 

°C/V 

°c/v 

°c/v 

*An  external  calibration  trim  can  be  used  to  zero  the  error  @25®C. 
^Defined  as  the  maximum  deviation  from  a  ma thematically  best  fit  line. 
’Parameter  tested  on  all  production  units  at  +  105“C  only .  C  grade  at 
—  25°Calso. 

4 Maximum  deviation  between  +  25®C  readings  after  a  temperature  cycle 

between  -45"Cand  +  125°C.Errorsofthistypearenoncummulative. 

’Operation  @  125“C,  error  over  time  is  noncummulative . 


‘Although  performance  is  not  specified  beyond  the  operating  temperature  range,  temperature 
excursions  within  the  package  temperature  range  will  not  damage  the  device. 

Specifications  subject  to  change  without  notice . 

Specifications  shown  in  boldface  are  tested  on  all  production  units  at  final  electri¬ 
cal  test.  Results  from  those  tests  are  used  to  calculate  outgoing  quality  levels.  All 
min  and  max  specifications  are  guaranteed,  although  only  those  shown  in 
boldface  are  tested  on  all  production  units. 


METALIZATION  DIAGRAM 


ORDERING  GUIDE 


Model 

Max  Cal 
Error®  25°C 

Max  Error 
-25°Cto  +  105°C 

Max  Nonlinearity 
-  25°C  to  +  105°C 

Package 

Option* 

AD592CN 

0.5°C 

1.0°C 

0.35°C 

TO-92 

AD592BN 

1.0°C 

2.0°C 

0.4°C 

TO-92 

AD592AN 

2.5°C 

3.5°C 

0.5°C 

TO-92 

For  outline  information  see  Package  Information  section. 
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Typical  Performance  Curves— AD592 


TIME  -  Hours 

Long-Term  Stability  (S  125°C 
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AD592 

theory  of  operation 

The  AD592  uses  a  fundamental  property  of  silicon  transistors  to 
realize  its  temperature  proportional  output.  If  two  identical 
transistors  are  operated  at  a  constant  ratio  of  collector  curr«« 
densities,  r,  then  the  difference  in  base-emitter  voltages  will  be 
(kT/qXln  r).  Since  both  k,  Boltzman’s  constant  and  q,  the  charge 
of  an  electron  are  constant,  the  resulting  voltage  is  di[ecI^' 
Proportional  To  Absolute  Temperature  (PTAT).  In  the  AD592 
this  difference  voltage  is  converted  to  a  PTAT  current  by  low 
temperature  coefficient  thin  film  resistors.  This  PTAT  current 
is  then  used  to  force  the  total  output  current  to  be  proportional 
to  degrees  Kelvin.  The  result  is  a  current  source  with  an  output 
equal  to  a  scale  factor  times  the  temperature  (K)  of  the  sensor. 
A  typical  V-I  plot  of  the  circuit  at  +25°C  and  the  temperature 
extremes  is  shown  in  Figure  1. 
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Figure  1.  V-I  Characteristics 

Factory  trimming  of  the  scale  factor  to  IpA/K  is  accomplished 
at  the  wafer  level  by  adjusting  the  AD592’s  temperature  reading 
so  it  corresponds  to  the  actual  temperature.  During  laser  trimming 
the  IC  is  at  a  temperature  within  a  few  degrees  of  25°C  and  is 
powered  by  a  SV  supply.  The  device  is  then  packaged  and  . 
automatically  temperature  tested  to  specification. 

FACTORS  AFFECTING  AD592  SYSTEM  PRECISION 

The  accuracy  limits  given  on  the  Specifications  page  for  the 
AD592  makes  it  easy  to  apply  in  a  variety  of  diverse  applications. 
To  calculate  a  total  error  budget  in  a  given  system  it  is  important 
to  correctly  interpret  the  accuracy  specifications,  nonlinearity 
errors,  the  response  of  the  circuit  to  supply  voltage  vanaoons 
and  the  effect  of  the  surrounding  thermal  environment.  As  with 
other  electronic  designs  external  component  selection  will  have  a 
major  effect  on  accuracy. 

CALIBRATION  ERROR,  ABSOLUTE  ACCURACY  AND 
NONLINEARITY  SPECIFICATIONS 

Three  primary  limits  of  error  are  given  for  the  AD592  such  that 
the  correct  grade  for  any  given  application  can  easily  be  chosen 
for  the  overall  level  of  accuracy  required.  They  are  the  calibration 
accuracy  at  25°C,  and  the  error  over  temperature  from  0  to  70  C 
and  —  25°C  to  +  105°C.  These  specifications  correspond  to  the 
SLl  error  1  user  would  see  if  the  current  output  of  a  AD592 
were  converted  to  a  voltage  with  a  precision  resistor.  Note  that 
the  maximum  error  at  room  temperature,  over  the  commercial 
IC  temperature  range,  or  an  extended  range  including  the  boiling 
point  of  water,  can  be  directly  read  from  the  Specifications 
Table.  All  three  error  limits  are  a  combination  of  initial  error, 


scale  factor  variation  and  nonlinearity  deviation  from  the  ideal 
IpA/K  output.  Figure  2  graphically  depicts  the  guaranteed 
limits  of  accuracy  for  an  AD592CN. 
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Figure  2.  Error  Specifications  (AD592CN) 

The  AD592  has  a  highly  linear  output  in  comparison  to  older 
technology  sensors  (i.e.,  thermistors,  RTDs  and  thermocouples), 
thus  a  nonlinearity  error  specification  is  separated  from  the 
absolute  accuracy  given  over  temperature.  As  a  maximum  deviauon 
from  a  best-fit  straight  line  this  specification  represents  die  only 
error  which  cannot  be  trimmed  out.  Figure  3  is  a  plot  of  typical 
AD592CN  nonlinearity  over  the  full  rated  temperature  range. 


TEMPERATURE  -  X 

Figure  3.  Nonlinearity  Error  (AD592CN) 

TRIMMING  FOR  HIGHER  ACCURACY 

Calibration  error  at  25°C  can  be  removed  with  a  single  temperature 
trim.  Figure  4  shows  how  to  adjust  the  AD592’s  scale  factor  in 
the  basic  voltage  output  circuit. 
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Figure  4.  Basic  Voltage  Output  (Single  Temperature  Trim) 
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To  trim  the  circuit  the  temperature  must  be  measured  by  a 
reference  sensor  and  the  value  of  R  should  be  adjusted  so  the 
output  (Vout)  corresponds  to  lmV/K.  Note  that  the  trim  proce¬ 
dure  should  be  implemented  as  close  as  possible  to  the  temperature 
highest  accuracy  is  desired  for.  In  most  applications  if  a  single 
temperature  trim  is  desired  it  can  be  implemented  where  the 
ADS92  current-to-output  voltage  conversion  takes  place  (e.g., 
output  resistor,  offset  to  an  op  amp).  Figure  5  illustrates  the 
effect  on  total  error  when  using  this  technique. 
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Figure  5.  Effect  of  Scale  Factor  Trim  on  Accuracy 


If  greater  accuracy  is  desired,  initial  calibration  and  scale  factor 
errors  can  be  removed  by  using  the  AD592  in  the  circuit  of 
Figure  6. 


R2 


Figure  6.  Two  Temperature  Trim  Circuit 


With  the  transducer  at  0°C  adjustment  of  R1  for  a  0V  output 
nulls  the  initial  calibration  error  and  shifts  the  output  from  K  to 
°C.  Tweaking  the  gain  of  the  circuit  at  an  elevated  temperature 
by  adjusting  R2  trims  out  scale  factor  error.  The  only  error 
remaining  over  the  temperature  range  being  trimmed  for  is 
nonlinearity.  A  typical  plot  of  two  trim  accuracy  is  given  in 
Figure  7. 

SUPPLY  VOLTAGE  AND  THERMAL  ENVIRONMENT 
EFFECTS 

The  power  supply  rejection  characteristics  of  the  AD592  minimizes 
errors  due  to  voltage  irregularity,  ripple  and  noise.  If  a  supply  is 
used  other  than  5V  (used  in  factory  trimming),  the  power  supply 
error  can  be  removed  with  a  single  temperature  trim.  The  PTAT 
nature  of  the  AD592  will  remain  unchanged.  The  general  insen- 
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Figure  7.  Typical  Two  Trim  Accuracy 

sitivity  of  the  output  allows  the  use  of  lower  cost  unregulated 
supplies  and  means  that  a  series  resistance  of  several  hundred 
ohms  (e.g.,  CMOS  multiplexer,  meter  coil  resistance)  will  not 
degrade  the  overall  performance. 

The  thermal  environment  in  which  the  ADS92  is  used  determines 
two  performance  traits:  the  effect  of  self-heating  on  accuracy 
and  the  response  time  of  the  sensor  to  rapid  changes  in  temperature. 
In  the  first  case,  a  rise  in  the  IC  junction  temperature  above  the 
ambient  temperature  is  a  function  of  two  variables;  the  power 
consumption  level  of  the  circuit  and  the  thermal  resistance 
between  the  chip  and  the  ambient  environment  (6ja).  Self-heating 
error  in  °C  can  be  derived  by  multiplying  the  power  dissipation 
by  0jA.  Because  errors  of  this  type  can  vary  widely  for  surroundings 
with  different  heat  sinking  capacities  it  is  necessary  to  specify 
6JA  under  several  conditions.  Table  I  shows  how  the  magnitude 
of  self-heating  error  varies  relative  to  the  environment.  In  typical 
free  air  applications  at  25°C  with  a  5V  supply  the  magnitude  of 
the  error  is  0.2°C  or  less.  A  common  clip-on  heat  sink  will 
reduce  the  error  by  25%  or  more  in  critical  high  temperature, 
large  supply  voltage  situations. 


Medium 

6ja  (°C/watt) 

t(scc)* 

Still  Air 

Without  Heat  Sink 

175 

60 

With  Heat  Sink 

130 

55 

Moving  Air 

Without  Heat  Sink 

60 

12 

With  Heat  Sink 

40 

10 

Fluorinert  Liquid 

35 

5 

Aluminum  Block** 

30 

2.4 

*t  is  an  average  of  five  time  constants  (99.3%  of  final  value).  In  cases  where 
the  thermal  response  is  not  a  simple  exponential  function,  the  actual  thermal 
response  may  be  better  than  indicated. 

"With  thermal  grease. 

Table  I.  Thermal  Characteristics 
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Response  of  the  AD592  output  to  abrupt  changes  in  ambient 
temperature  can  be  modeled  by  a  single  time  constant  t 
function.  Figure  8  shows  typical  response  time  plots  for  several 

media  of  interest. 


because  the  coldest  device  limits  the  series  current  flowing  through 
the  sensors.  Both  of  these  circuits  are  depicted  m  Figure  9. 

The  circuit  of  Figure  10  demonstrates  a  method  in  which 
a  voltage  output  can  be  derived  in  a  differential  temperature 
measurement. 
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A  ALUMINUM  BLOCK 
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C  MOVING  AIR  (WITH  HEAT  SINK) 

D  MOVING  AIR  (WITHOUT  HEAT  SINK) 
E  STILL  AIR  (WITH  HEAT  SINK) 

F  STILL  AIR  (WITHOUT  HEAT  SINK) 
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Figure  8.  Thermal  Response  Curves 

The  time  constant,  t,  is  dependent  on  6ja  and  the  thermal 
capacities  of  the  chip  and  the  package.Table  I  lists  the  effective 
t  (time  to  reach  63.2%  of  the  final  value)  for  several  different 
media.  Copper  printed  circuit  board  connections  where vcfr** 
in  the  analysis,  however,  they  will  smk  or  conductheat  dwctly 
through  the  AD592’s  solder  dipped  Kovar  leads.  When  fa 
response  is  required  a  thermally  conductive  grease  or  ghie  between 
thePAD592  and  the  surface  temperature  being  mefsur.^f  shou1^ 
Z  used.  In  free  air  applications  a  clip-on  heat  sink  will  decrease 

output  stabilization  time  by  10-20%. 

MOUNTING  CONSIDERATIONS 

If  the  AD592  is  thermally  attached  and  properly  protected,  it 
can  be  used  in  any  temperature  measuring  situation  where  the 
maximum  range  of  temperatures  encountered  is  between -  25  C 
and  +  105°C.  Because  plastic  IC  packaging  technology  is  employed, 
excessive  mechanical  stress  must  be  safeguarded  ag^stwhen 
fastening  the  device  with  a  clamp  or  screw-on  heat  tab.  Thetmahy 
conductive  epoxy  or  glue  is  recommended  under  t^  ^ting 
conditions.  In  wet  or  corrosive  environments  any 
isolated  metal  or  ceramic  well  can  be  used  to  shield  the  AD592. 
Condensation  at  cold  temperatures  can  cause  leakage  current 
related  errors  and  should  be  avoided  by  sealing  the  device  in 
nonconductive  epoxy  paint  or  dips. 

tanne^gSCTeral  AD592  devices  in  parallel  adds  the  currents 
through  them  and  produces  a  reading  proportional  to  the  average 
tempoature.  Series  AD592s  will  indicate  the  lowest  temperature 


Figure  10.  Differential  Measurements 

R1  can  be  used  to  trim  out  the  inherent  offset  between  the  two 
devices.  By  increasing  the  gain  resistor  (10kfl)  temperature 
measurements  can  be  made  with  higher  resolution.  If  the  mag¬ 
nitude  of  V+  and  V-  is  not  the  same,  the  difference “ 
consumption  between  the  two  devices  can  cause  a  differential 
self-heating  error. 

Cold  junction  compensation  (CJC)  used  in  thermocouple  signal 
conditioning  can  be  implemented  using  an  AD592  m  » 
configuration  of  Figure  11.  Expensive  simulated  ice  bath  or 
hard  to  trim,  inaccurate  bridge  circuits  are  no  longer  required. 


thermocouple  I  APPROX 
TYPE  I  RVALUE 


VjImV/W 


10kn  <  V,  ClOmV/K) 
(0.1%)  > 


Figure  9.  Average  and  Minimum  Temperature 
Connections 


Figure  11.  Thermocouple  Cold  Junction  Compensation 

The  circuit  shown  can  be  optimized  for  any  ambient  temperatur 
range  or  thermocouple  type  by  simply  selecting  the  a«“« 

for  O'  rowing  resistor  -  R.  He  ADS92  ootpm  (lfrMC) 
times  R  should  opprosimete  the  hue  best  fit  to  the  thtiM 
curve  (slope  in  V/°C)  over  the  most  likely  ambient  temperature 
range.  AdditionaUy,  the  output  sensitivity  can  be  chosen  by 
selecting  the  resistors  Ro,  and  Rcz  for  the  d«ired  nonrnvemng 
eain  The  offset  adjustment  shown  simply  references  the  AD5 
to  °C.  Note  that  the  TC’s  of  the  reference  and  the  resistors  are 
the  primary  contributors  to  error.  Temperature  rejection  of  40 
to  1  can  be  easily  achieved  using  the  above  technique. 
Although  the  AD592  offers  a  noise  immune  current  output,  it : 
not  compatible  with  process  control/industnal  automation  currei 
loop  standards.  Figure  12  is  an  example  of  a  temperature  to  4- 
20mA  transmitter  for  use  with  40V,  lkfl  systems. 

In  this  circuit  the  IpA/K  output  of  the  AD592 

lmA/°C  and  offset  so  that  4mA  is  equivalent  to  17  C  and  20m. 

is  equivalent  to  33°C.  Rt  is  trimmed  for  proper  reading  at  an 
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An  example  circuit  controlling  80  AD592s  is  shown  in  Figure 
16.  A  7-bit  digital  word  is  all  that  is  required  to  select  one  of 
the  sensors.  The  enable  input  of  the  multiplexer  turns  all  the 
sensors  off  for  minimum  dissipation  while  idling. 
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To  convert  the  AD592  output  to  °C  or  °F  a  single  inexpensive 
reference  and  op  amp  can  be  used  as  shown  in  Figure  17.  Althougt 
this  circuit  is  similar  to  the  two  temperature  trim  circuit  shown 
in  Figure  6,  two  important  differences  exist.  First,  the  gam 
resistor  is  fixed  alleviating  the  need  for  an  elevated  temperature 
trim.  Acceptable  accuracy  can  be  achieved  by  choosing  an  inex¬ 
pensive  resistor  with  the  correct  tolerance.  Second,  the  AD592 
calibration  error  can  be  trimmed  out  at  a  known  convenient 
temperature  (i.e.,  room  temperature)  with  a  single  pot  adjustmem 
This  step  is  independent  of  the  gain  selection. 


Figure  17.  Celsius  or  Fahrenheit  Thermometer 


Figure  16.  Matrix  Multiplexer 
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DSP101 

DSP102 


DSP-Compatible  Sampling  Single/Dual 
ANALOG-TO-DIGITAL  CONVERTERS 


FEATURES 

•  ZERO-CHIP  INTERFACE  TO  STANDARD 
DSP  ICs:  AD,  AT&T,  MOTOROLA,  Tl 

•  SINGLE  CHANNEL:  DSP101 

•  DUAL  CHANNEL:  DSP102 

Two  Serial  Outputs  or  Cascade  to  Single 
32-Bit  Word 

•  SAMPLING  RATE  TO  200kHz 

•  DYNAMIC  SPECIFICATIONS: 
Signal/(Noise  +  Distortion)  =  88dB; 
Spurious-Free  Dynamic  Range  =  94dB; 
THD  =  -91dB 

•  SERIAL  OUTPUT  DATA  COMPATIBLE 
WITH  16-,  24-,  AND  32-BIT  DSP  1C 
FORMATS 


DESCRIPTION 

The  DSP101  and  DSP102  are  high  performance  sam¬ 
pling  analog-to-digital  converters  designed  for  sim¬ 
plicity  of  use  with  modem  digital  signal  processing 
ICs.  Both  are  complete  with  all  interface  logic  for  use 
directly  with  DSP  ICs,  and  provide  full  sampling  and 
conversion  at  rates  up  to  200kHz. 

The  DSP101  offers  a  single  conversion  channel,  with 
18  bits  of  serial  data  output,  allowing  the  user  to  drive 
16-bit,  24-bit,  or  32-bit  DSP  ports.  The  DSP102  offers 
two  complete  conversion  channels,  with  either  two 
full  18-bit  output  ports,  or  a  mode  to  cascade  two  16- 
bit  conversions  into  a  32-bit  port  as  one  word. 

Both  the  DSP101  and  DSP102  are  packaged  in  stan¬ 
dard,  low-cost  28-pin  plastic  DIP  packages.  Each  is 
offered  in  two  performance  grades  to  match  applica¬ 
tion  requirements. 
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PECIFICATIONS 


-LECTRICAL 

A.  0°C  to  70°C,  ±2.75V  input  signal,  sampling  frequency  (fs)  -  200kHz.  VA+  -  VD  -  +5V.  VA— 5V,  16MHz  external  clock  on  OSC1 .  CLKOUT  tied  to  CLKIN.  8MHz 


ata  transfer  clock  on  XCLK,  data  analysis  band-limited  to  20kHz,  unless  otherwise  specified. 


DSP101JP 

DSP102JP 


DSP101KP 

DSP102KP 


PARAMETER  _ 


RESOLUTION  _ 


ANALOG  INPUT 

Voltage  Range 
Impedance 

Capacitance  _ 


THROUGHPUT  SPEED 
Complete  Cycle 
Throughput  Rate 


AC  ACCURACY  <" 

Signal  to  (Noise  +  Distortion)  Ratio 


■  Total  Harmonic  Distortion 
Spurious-Free  Dynamic  Range 
Signal  to  Noise  Ratio  (SNR) 


DC  ACCURACY 
Gain  Error 
Gain  Error  Mismatch 
•  Integral  Linearity 
Differential  Linearity 
Integral  Linearity  Error 
Differential  Linearity  Error 
No  Missing  Codes 
Si  Bipolar  Zero  Error 151 
Bipolar  Zero  Mismatch  p> 
Power  Supply  Sensitivity 


SAMPUNG  DYNAMICS 

Aperture  Delay 
Aperture  Jitter 
Transient  Response 
Overvoltage  Recovery 


DIGITAL  INPUTS 

Logic  Levels  (Except  OSC1) 

V. 

v„ 

OSC1  Clock 
Frequency 

Data  Transfer  Clock  (XCLK) 
Frequency 
Duty  Cycle 

Conversion  Clock  (CLKIN) 
Frequency 
Duty  Cycle 

DIGITAL  OUTPUTS 

Format 

Coding 

Logic  Levels  (Except  OSC2) 

Vc, 

Vo„ 

OSC2 

Conversion  Clock  (CLKOUT) 
Drive  Capability _ 

POWER  SUPPLIES 

i  Rated  Voltage 

V 

V 

V0 

Power  Consumption 
Supply  Current 


CONDITIONS 


25  33 


I  I  I  >  I 

Serial:  MSB  first;  16/18-bit  and  Cascaded  32-bit  Mode 
Binary  Two’s  Complement 


Can  only  be  used  to  drive  crystal  oscillator. 


XCLK  =  OSC1  =  12MHz 
XCLK  =  OSC1  =  12MHz 


TEMPERATURE  RANGE  .  .  .c 

Specification  °  +  .  .  „c 

Storage  _  ~65  - — — - - - -* — — - - — - TT 

NOTES:  (1)  All  dynamic  specifications  are  based  on  2048-point  FFTs.  using  four-term  Blackman-Harris  window.  (2)  All  specifications  in  dB  are  referred  to  a  full- 
scale  input,  +2.75Vp-p.  (3)  Adjustable  to  zero  with  external  potentiometer. 


1RH-BROWN8 


DSP101/102 


2 


Magnitude  (dB)  Magnitude  (dB)  Magnitude  (dB) 


TYPICAL  PERFORMANCE  CURVES 

_  +25°C,  VA+  -  V0+  -  +5V,  VA-  -  V0-  -  -5V,  Sampling  Frequency  fs  -  200kHz;  External  Clock  Input  at  OSC1  -  80fs  -  1 6MHz,  XCLK  -  40fs  -  8MHz,  Using 
2048  Point  FFT;  Data  analysis  limited  to  0  to  20kHz  band;  Unless  otherwise  specified. 


SINAD  means  Signal-to-(Noise  +  Distortion)  Ratio. 
SNR  means  Signal-to-Noise  Ratio  excluding  harmonics 
thru  the  8th. 


THD  means  Total  Harmonic  Distortion  thru  8th  harmonic. 
SFDR  means  Spurious  Free  Dynamic  Range,  including 
harmonics. 


I 


FREQUENCY  SPECTRUM  of  ±2.75V.  1kHz  INPUT 
(Average  of  12  FFTs,  No  Window  Used) _ 


co 

S  -40 


'c  -60 


FREQUENCY  SPECTRUM  of  ±2.75V,  20kHz  INPUT 
(Using  Four-Term  Blackman-Harris  Window) 


Frequency  (kHz) 


Frequency  (kHz) 


FREQUENCY  SPECTRUM  of  ±2.75V,  451kHz  INPUT 
(Using  Four-Term  Blackman-Harris  Window) 


INTERMODULATION  DISTORTION  WITH  1kHz  AND  3kHz  INPUTS 
(Using  Four-Term  Blackman-Harris  Window) 

0  l - ! - 1 - 1 - 1 


Frequency  (kHz) 


Frequency  (kHz) 


DSP102  CHANNEL  SEPARATION  ON  CHANNEL  B  WITH 
±2.75V,  1kHz  INPUT  ON  CHANNEL  A 


DYNAMIC  PERFORMANCE  vs  TEMPERATURE 

80  - - - - - 1 - 1 -  -80 

fIN  -  1kHz,  ±2.75V 


Frequency  (kHz) 


-55  -40  -25  0  25  70  85  125 

Ambient  Temperature  (°C) 


BURR-BROWN® 


DSP101/102 


THD  (dB) 


TYPICAL  PERFORMANCE  CURVES  (CONT) 

AtT*  -  +2S°C,  VA+  -  VD+  -  +5V,  VA-  -  VD-  — 5V.  Sampling  Frequency  fs  -  200kHz;  External  Clock  Input  at  OSC1  -  80fs  -  16MHz,  XCLK  -  40fs  -  8MHz;  Using 
2048  Point  FFT;  Data  analysis  limited  to  0  to  20kHz  band;  Unless  otherwise  specified. 

DYNAMIC  PERFORMANCE  vs  TEMPERATURE  DYNAMIC  PERFORMANCE  vs  TEMPERATURE 

<IS'cS“B^«SS.ioKa  ‘  (Data  Analysis  Over  Full  0  to  1 00kHz  Band)  ^ 

70  m - 1 - 1  U-.iitti2.7ar  i _70  75  CT1  I  ^  ,rrz-li75V 


-55  -40  -25  0  25  70  85 

Ambient  Temperature  (°C) 
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MECHANICAL 


P  Package  —  28-Pin  Plastic,  Double-Wide  DIP 


TYPICAL  DSP102  FFT  SETUP 


ABSOLUTE  MAXIMUM  RATINGS  _ 


VA+  to  Analog  Common . . 

VA-  to  Analog  Common .  -7V 

|  VD  to  Digital  Common . +7V 

I  Control  Inputs  to  Digital  Common . -0.5  to  VD  +  0.5V 

I  Analog  Input  Voltage . . . . 

Maximum  Junction  Temperature .  150°c 

I  Interna)  Power  Dissipation . 825mW 

|  Lead  Temperature  (soldering,  10s) . +300°C 

I  Thermal  Resistance,  eM,  Plastic  DIP . . 50°C/W 


JSP101  PIN  CONFIGURATION 


VPOT  1 


MSB  |_3_ 
VOS  [T 
Va-  [T 

Va+  [7 

DGND  \T_ 

dgnd  nr 


CLKIN  |_10 
CLKOUT  Q7 
SSF  [7 
OSC1  fl3 
OSC2  pH 


28  AGND 
7]  REF 
1b\  CAP 


22  DGND 
21  CONV 
"20I  SOUT 


18  TAG 


16  j  XCLK 
71  SYNC 


DSP101  PIN  ASSIGNMENTS 


DESCRIPTION  _ _ 


VPOT  Trim  Reference  Out.  1 OpF  Tantalum  to  AGND. 

VIN  Analog  In. 

MSB  MSB  Adjust  In. 

VOS  VOS  Adjust  In. 

VA-  -5V  Analog  Power. 

VA+  +5V  Analog  Power. 

DGND  Digital  Ground. 

DGND  Digital  Ground. 

VD  +5V  Digital  Power. 

CLKIN  Conversion  Clock  In. 

CLKOUT  Conversion  Clock  Out  Can  drive  multiple 

DSP10l/DSPl02s  to  synchronize  conversion. 

SSF  Select  Synch  Format  In.  If  HIGH,  SYNC  will  be 
active  High.  If  LOW,  SYNC  will  be  active  Low. 

See  timing  diagram  (Figure  1 ). 

OSC1  Oscillator  Point  1  Input/Extemal  Clock  In.  If  using 
external  clock,  drive  with  74HC  logic  levels. 
Connect  to  DGND  if  not  used. 

OSC2  Oscillator  Point  2  Output  Provides  drive  for 

crystal  oscillator.  Make  no  electrical  connection  if 
using  external  clock. 

SYNC  Data  Synchronization  Out.  Active  High  when  SSF 
is  HIGH;  active  Low  when  SSF  is  LOW. 

XCLK  Data  Transfer  Clock  In. 

No  Internal  Connection. 

TAG  User  Tag  In.  Data  clocked  into  this  pin  is 

appended  to  the  conversion  results  on  SOUT. 

See  timing  diagram  (Figure  1). 

No  Internal  Connection. 

SOUT  Serial  Data  Out  MSB  first  Binary  Two's 
Complement  format. 

CONV  Convert  Command  In.  Falling  edge  puts  converter 
into  hold  state,  initiates  conversion,  and  transmits 
previous  conversion  results  to  DSP  1C  with 
appropriate  SYNC  pulse. 

DGND  Digital  Ground. 

No  Internal  Connection. 

No  Internal  Connection. 

No  Internal  Connection. 

CAP  Bypass  Capacitor.  lOpF  Tantalum  to  AGND. 

REF  Reference  Bypass.  0.1  pF  Ceramic  to  AGND. 

AGND  Analog  Ground. 


■The  information  provided  herein  is  believed  to  be  reliable;  however,  BU  RR-BROWN  assumes  no  responsibility  for  inaccuracies  or  omissions.  -  _as^u 

^io  responsibility  for  the  use  of  this  information,  and  all  use  of  such  information  shall  be  entirely  at  the  user's  own  risk.  Prices  and  specifications  are  su  j  o  ange 
without  notice.  No  patent  rights  or  licenses  to  any  of  the  circuits  described  herein  are  implied  or  granted  to  any  third  party.  BURR-BROWN  does  notau  onze  or  warren 
^ny  BURR-BROWN  product  for  use  in  life  support  devices  and/or  systems. 
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DSP102  PIN  CONFIGURATION 


DSP102  PIN  ASSIGNMENTS 


DESCRIPTION  _ 


Channel  A  Trim  Reference  Out.  lOpF  Tantalum  to 
AGND. 

Channel  A  Analog  In. 

Channel  A  MSB  Adjust  In. 

Channel  A  VOS  Adjust  In. 

-5V  Analog  Power. 

+5V  Analog  Power. 

Digital  Ground. 

Digital  Ground. 

+5V  Digital  Power. 

Conversion  Clock  In. 

Conversion  Clock  Out  Can  drive  multiple  DSP101/ 
DSP102s  to  synchronize  conversion. 

Select  Synch  Format  In.  If  HIGH,  SYNC  will  be 
active  High.  If  LOW,  SYNC  will  be  active  Low.  See 
timing  diagram  (Figure  1). 

Oscillator  Point  1  Input  /  External  Clock  In.  If  using 
external  dock,  drive  with  74HC  logic  levels. 
Connect  to  DGND  if  not  used. 

Oscillator  Point  2  Output  Provides  drive  for  crystal 
osdllator.  Make  no  electrical  connection  if  using 
external  dock. 

Data  Synchronization  Out  Active  High  when  SSF 
is  HIGH;  active  Low  when  SSF  is  LOW. 

Data  Transfer  Clock  In. 

Channel  B  Serial  Data  Out  MSB  first  Binary 
Two's  Complement  format 
Channel  A  User  Tag  In.  Data  docked  into  this  pin 
is  appended  to  the  conversion  results  of  SOUTA. 
See  timing  diagram  (Figure  1). 

Channel  B  User  Tag  In.  Data  docked  into  this  pin 
is  appended  to  the  conversion  results  of  SOUTB. 
See  timing  diagram  (Rgure  1). 

Channel  A  Serial  Data  Out  MSB  first  Binary 
Two’s  Complement  format  If  CASC  is  HIGH,  32 
bits  of  data  output  with  first  16  bits  being  Channel 
A  data. 

Convert  Command  In.  Falling  edge  puts  converter 
into  hold  state,  initiates  conversion,  and  transmits 
previous  conversion  results  to  DSP  1C  with 
appropriate  SYNC  pulse. 

Select  Cascade  Mode  In.  If  HIGH,  DSP102 
transmits  a  32-bit  word  on  SOUTA,  with  the  first  16 
bits  being  data  on  Channel  A.  If  LOW,  DSP102 
transmits  data  for  both  channels  simultaneously. 
Channel  B  VOS  Adjust  In. 

Channel  B  MSB  Adjust  In. 

Channel  B  Analog  In. 

Channel  B  Trim  Reference  Out.  IOjxF  Tantalum  to 
AGND. 

Reference  Bypass.  0.1  pF  Ceramic  to  AGND. 
Analog  Ground. 


FIGURE  1.  DSP101  and  DSP102  Timing. 
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NOTES:  (1 )  When  using  a  DSP  1C  in  a  1 6-bit  mode,  these  data  bits  will  be  Ignored  by  the  processor.  (2)  foso,  must 
be  at  least  72  times  taster  than  the  conversion  rate,  (t,,  t4  S  72  t„) 


THEORY  OF  OPERATION 

The  DSP101  and  DSP102  are  sampling  analog-to-digital 
converters  optimized  for  handling  dynamic  signals.  They 
have  complete  logic  interface  circuitry  for  ease  of  use  with 
standard  digital  signal  processing  ICs,  and  transmit  data 
words  in  a  serial  stream.  The  successive  approximation 
conversion  architecture  is  combined  with  an  inherently  sam¬ 
pling  switched  capacitor  array  to  provide  maximum  user 
flexibility  over  sampling  and  conversion  timing. 

The  DSP101  and  DSP102  are  pipelined  internally.  When  the 
user  gives  a  convert  command  at  time  (t),  two  actions  are 
initiated.  First,  the  internal  sample/holds  are  switched  to  the 
hold  state,  and  a  conversion  cycle  is  initiated.  At  the  same 
time,  the  DSP101  or  DSP102  transmits  a  synchronization 
pulse  and  starts  shifting  out  the  conversion  results  from  the 
previous  convert  command  at  (t-1)  using  the  system  bit 
clock.  The  data  from  the  conversion  at  time  (t)  is  shifted  out 
of  the  converter  after  the  next  convert  command  is  received. 

Both  the  DSP  101  and  the  DSP102  are  18-bit  A/Ds  inter¬ 
nally.  When  the  DSP  IC  is  programmed  to  accept  16-bit 
word  lengths,  the  processor  will  ignore  the  last  two  data  bits 
transmitted  from  the  DSP101  or  DSP102.  A  Cascade  Mode 
on  the  DSP102  can  be  invoked  to  transmit  data  for  both 
conversion  channels  over  a  single  serial  line  as  a  32-bit 
word.  In  this  mode,  the  first  16  bits  of  data  transmitted  after 
the  Sync  pulse  contain  data  from  channel  A,  followed  by  16 
bits  of  information  from  channel  B,  allowing  a  single  32-bit 
word  to  contain  data  for  both  channels. 


A  unique  Tag  feature  allows  additional  digital  data  to  be 
appended  to  the  conversion  results,  so  that  a  single  data 
word  contains  conversion  results  plus  other  signal  informa¬ 
tion,  such  as  gain  settings  or  multiplexer  channel  settings  in 
front  of  the  converter. 

The  DSP101  and  DSP102  are  high-resolution  A/D  convert¬ 
ers  complete  with  sampling  capability  and  on-board  refer¬ 
ences.  They  can  acquire  and  convert  analog  signals  at  up  to 
a  200kHz  sampling  rate.  Both  operate  from  ±5V  supplies, 
and  have  full-scale  analog  input  ranges  of  +2.75 V. 

BASIC  OPERATION 

Figure  2  shows  the  minimum  connections  required  to  oper¬ 
ate  the  DSP101.  The  falling  edge  of  a  convert  command  on 
pin  21  puts  the  internal  sampling  capacitor  array  into  the 
hold  state.  The  falling  edge  on  pin  21  also  starts  the  process 
to  initiate  a  conversion  and  transmit  data  from  the  previous 
conversion,  synchronizing  both  appropriately  to  the  10MHz 
clock  input  on  pin  13.  Figure  1  shows  the  timing  relationship 
between  the  convert  command,  the  output  data,  and  the 
synchronization  pulse. 

In  this  basic  system,  the  10MHz  clock  is  used  both  to 
generate  a  3.33MHz  conversion  clock  and  as  the  data  trans¬ 
fer  bit  clock  for  outputting  data.  Per  Figure  1,  there  must  be 
at  least  72  clock  pulses  on  pin  13  between  convert  com¬ 
mands,  so  that  this  circuit  can  sample  and  convert  at  up  to 
138kHz. 
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The  convert  command  at  pin  21  causes  a  Sync  pulse  to  be 
output  on  pin  15,  followed  by  the  data  from  the  previous 
conversion  output  on  pin  20.  The  Sync  pulse  will  be  HIGH 
for  one  bit  clock  cycle,  since  pin  12  is  tied  HIGH.  (A  LOW 
Sync  pulse  will  be  output  on  pin  15  if  pin  12  is  tied  LOW.) 
Data  is  serially  transmitted  in  an  MSB-first  data  stream,  in 
Binary  Two’s  Complement  format.  Both  the  Sync  pulse  (pin 
15)  and  the  data  stream  (pin  20)  are  synchronized  to  the  bit 
clock  (at  pins  13  and  16),  with  the  timing  relationships 
shown  in  Figure  1. 

After  the  18  bits  of  data  from  the  previous  conversion  have 
been  transmitted,  pin  20  will  continue  to  clock  out  LOWs 
until  a  new  convert  command  restarts  the  process,  since  pin 
18  (the  Tag  input)  is  grounded.  If  pin  18  is  tied  HIGH,  pin 
20  will  clock  out  HIGHs  between  conversion  cycles. 

CONVERSION 

A  falling  edge  on  pin  21  (CONV)  puts  the  internal  sampling 
capacitors  in  the  hold  state  with  minimum  aperture  jitter, 
initiates  a  conversion  synchronized  to  the  conversion  clock, 
and  outputs  the  data  from  the  previous  conversion  with  an 
appropriate  Sync  pulse.  On  the  DSP  102,  a  single  convert 
command  simultaneously  samples  both  channels.  The  tim¬ 
ing  relationship  between  the  convert  command,  Sync  and 
the  output  data  is  shown  in  Figure  1.  Both  Sync  and  the 
output  data  are  synchronized  to  XCLK,  the  system  bit  clock. 
Following  a  convert  command  falling  edge,  pin  21  must  be 
held  LOW  at  least  50ns. 

Convert  commands  can  be  sent  to  the  DSP101  and  DSP102 
completely  asynchronous  to  other  clocks  in  the  system.  This 
allows  external  events  to  be  used  to  trigger  conversions. 

From  Figure  1,  it  can  be  seen  that  two  different  clocking 
conditions  must  be  considered  in  determining  the  minimum 
acceptable  time  between  convert  commands.  First,  there 
need  to  be  a  minimum  of  24  XCLK  periods  between  convert 
commands,  to  allow  internal  synchronization  and  transmis¬ 
sion  of  Sync  and  the  data.  (In  the  Cascade  Mode  on  the 
DSP  102,  there  need  to  be  at  least  40  XCLK  periods  between 
convert  commands,  to  allow  transmission  of  the  32-bit  data 
words.)  When  used  with  DSP  processors  programmed  for 
data  words  longer  than  16-bits,  the  transmission  time  to  the 
processor  may  determine  the  minimum  time  between  con¬ 
vert  commands. 

The  second  limitation  on  convert  commands  is  the  require¬ 
ment  that  the  internal  analog-to-digital  converter  be  given 
enough  time  to  complete  a  conversion,  shift  the  data  to  the 
output  register,  and  acquire  a  new  sample.  This  condition  is 
met  by  having  a  minimum  of  24  CLKIN  periods  between 
convert  commands,  or  a  minimum  of  72  clock  cycles  on 
OSC1,  if  it  is  used  to  generate  the  conversion  clock  (CLKOUT 
driving  CLKIN). 

SIGNAL  ACQUISITION 

After  a  conversion  is  completed,  the  DSP  101  or  DSP  102 
will  switch  back  to  the  sampling  mode.  With  at  least  24 


I 
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CLKIN  periods  between  convert  commands,  the  A/D  will 
have  had  sufficient  time  to  acquire  a  new  input  sample  to  full 
rated  accuracy. 

DATA  FORMAT  AND  INPUT  LEVELS 

The  DSP101  and  DSP102  output  serial  data,  MSB  first,  in 
Binary  Two’s  Complement  format.  In  the  Cascade  Mode  on 
the  DSP102,  the  serial  data  will  first  contain  16  bits  of  data 
for  channel  A,  MSB-first,  followed  by  channel  B  data,  again 
MSB-first.  The  analog  input  levels  that  generate  specific 
output  codes  are  shown  in  Table  I. 

As  with  all  standard  A/Ds,  the  first  output  transition  will 
occur  at  an  analog  input  voltage  1/2  LSB  above  negative  full 
scale  (-2.75V  +  1/2  LSB)  and  the  last  transition  will  occur 
3/2  LSB  below  positive  full  scale  (+2.75V  -  3/2  LSB.)  See 
Figure  3. 


FIGURE  3.  Analog  Input  to  Digital  Output  Diagram. 


DESCRIPTION 

f 

ANALOG 

INPUT 

DIGITAL  OUTPUT 
(BINARY  TWO’S  COMPLEMENT) 

BINARY  CODE 

16-BIT 

WORDS 

(HEX) 

18-BIT 

WORDS 

(HEX) 

Least  Significant  Bit 

(LSB  -=  ) 

1 6-bit  Words 

18-bit  Words 

84pV 

21  pV 

Input  Range 

±2.75V 

+  Full  Scale 
(2.75V-1  LSB) 

+2.7499 16V 
+2.7499 79V 

011—111 

7FFF 

1FFFF 

Bipolar  Zero 
(Midscale) 

OV 

000...000 

0000 

00000 

One  LSB  below 
Bipolar  Zero 

-84pV 

-21pV 

111...111 

FFFF 

3FFFF 

-  Full  Scale 

-2.75V 

100.. .000 

8000 

20000 

TABLE  I.  Ideal  Input  Voltage  vs  Output  Code. 


10 


FIGURE  4.  Output  Structure  of  DSP  102. 

DATA  TRANSFER 

The  internal  A/Ds  generate  18  bits  of  data,  transmitting  the 
data  MSB  first  When  read  by  a  DSP  IC  programmed  to 
accept  16  bits  of  data,  the  first  16  MSB  bits  of  data  from  the 
DSP101,  or  each  channel  of  the  DSP102,  will  be  shifted  into 
the  processor’s  input  shift  register,  and  the  last  two  least 
significant  bits  of  data  from  the  A/D  will  be  ignored, 
although  they  will  still  be  present  on  the  serial  data  line. 
When  the  DSP  processor  is  programmed  to  accept  words  of 
more  than  16-bit  length  (typically  22kBit  or  32-bit),  the 
DSP  101  and  DSP  102  will  transmit  the  full  18-bit  conversion 
results,  after  which  the  information  input  on  the  TAG  input 
(or  TAGA  and  TAGB  on  the  DSP  102)  will  be  appended  to 
the  output  word.  (See  Tag  Feature  below.) 

In  the  Cascade  Mode,  the  DSP102  will  first  transmit  the  16 
MSBs  from  channel  A,  followed  by  the  full  18-bits  from 
channel  B,  although  DSP  processors  programmed  to  accept 
32  bits  of  data  will  ignore  the  final  two  bits  of  information 
on  Channel  B.  See  the  DSP102  Cascade  Mode  section  below 
for  details  of  the  Cascade  mode. 

DATA  SYNCHRONIZATION 

A  convert  command  both  initiates  a  conversion  and  starts 
the  process  for  transmitting  data  from  the  previous  conver¬ 
sion.  Convert  commands  can  come  at  any  time,  completely 
asynchronous  to  the  conversion  clock  or  the  bit  clock,  and 


the  conversion  clock  may  also  be  independent  of  the  bit 
clock.  The  DSP101  and  DSP102  internally  synchronize  the 
output  data.  Sync  pulse,  and  Tag  inputs  to  the  bit  clock. 

While  the  convert  command,  conversion  clock  and  bit  clock 
can  be  asynchronous,  system  performance  is  usually  en¬ 
hanced  by  synchronizing  all  of  them  to  a  system  master 
clock,  whenever  the  application  permits.  This  minimizes 
changes  in  digital  loads  and  currents  when  the  critical  S/H 
transition  and  A/D  bit  decisions  are  occurring.  Within  the 
DSP101  and  DSP102  themselves,  running  asynchronous 
convert  commands,  conversion  clocks  and  bit  clocks  typi¬ 
cally  degrades  performance  only  several  dB,  as  shown  in  the 
various  typical  performance  curves,  but  the  system  board 
design  can  easily  have  more  effect. 

When  a  convert  command  is  received,  the  internal  logic 
generates  an  appropriate  Sync  pulse,  synchronized  to  XCLK, 
as  shown  in  Figure  1.  The  output  Sync  pulse  will  be  active 
High  or  active  Low  depending  on  whether  a  HIGH  or  a 
LOW,  respectively,  is  input  at  SSF  (pin  12). 

The  convert  command  also  causes  the  conversion  results 
from  the  previous  conversion  to  be  loaded  into  the  output 
shift  register,  synchronous  to  XCLK.  Figure  4  shows  the 
operation  of  the  internal  data  shift  registers  on  the  DSP102. 
The  DSP101  is  basically  similar,  but  includes  only  the  top  of 
the  figure,  showing  the  SOUTA  path. 
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I  During  the  internal  successive  approximation  conversion 
process,  the  conversion  results  are  shifted  into  the  input  shift 
registers  of  the  output  stage  on  the  DSP102.  A  new  convert 
command  latches  that  data  into  the  18-bit  parallel  latches 

■  shown.  The  internal  signal  that  also  generates  the  Sync 
pulse,  labeled  “Shift/Load”  in  Figure  4,  synchronously  loads 
the  conversion  data  into  the  output  shift  register  on  the  rising 

■  edge  of  XCLK.  The  conversion  results  are  then  clocked  out 
of  the  shift  register  on  subsequent  rising  edges  of  XCLK. 


DATA  TRANSFER  CLOCK 

XCLK  is  the  data  transfer  clock,  or  bit  clock,  for  the  system, 
and  is  an  input  for  the  DSP101  or  DSP102.  This  input  is 
TTL-  and  74HC-level  compatible.  The  serial  data  and  SYNC 
outputs  are  synchronized  internally  to  this  clock,  with  data 
valid  on  the  rising  edge  of  XCLK,  per  the  timing  shown  in 
Figure  1.  Data  input  on  pin  18  (TAG)  on  the  DSP101,  or  on 
pins  18  and  19  on  the  DSP102  (TAGA  and  TAGB),  will  be 
clocked  into  the  output  shift  register  on  the  rising  edge  of 
XCLK,  as  discussed  in  the  Tag  Feature  section. 

CONVERSION  CLOCK 

The  analog-to-digital  converter  sections  in  the  DSP101  and 
DSP102  were  designed  to  provide  accurate  conversions 
under  worst  case  conditions  of  supplies,  temperatures,  etc. 
In  order  to  achieve  a  full  200kHz  sampling  capability,  they 
were  designed  to  use  a  33%  duty  cycle  conversion  clock 
(CLKIN  on  pin  10)  as  shown  in  Figure  1.  The  clock  is  LOW 


long  enough  for  internal  analog  circuitry  to  settle  suffi¬ 
ciently  between  bit  decisions  to  insure  rated  accuracy.  Bit 
decisions  in  the  A/D  are  then  made  on  the  rising  edge  of 
CLKIN. 


FIGURE  5.  DSP101  or  DSP102  Conversion  Clock  Circuit. 


|  FIGURE  6.  DSP101  or  DSP102  Power  Supply  Connections. 
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When  a  convert  command  is  received,  the  DSP101  or 
DSP  102  immediately  switches  the  sampling  capacitors  to 
the  hold  state,  and  then  internally  gates  the  conversion  clock 
to  the  A/D  appropriately.  Allowing  a  minimum  of  24  CLION 
pulses  between  conversions  insures  that  there  is  sufficient 
time  for  complete,  accurate  conversions,  and  allows  the 
input  sampling  capacitor  to  fully  acquire  the  next  sample, 
regardless  of  the  timing  between  the  convert  command  and 
CLKIN. 

In  most  applications,  CLKIN  (pin  10)  can  be  driven  from  a 
50%  duty  cycle  clock  without  performance  degradation. 
During  characterization  of  the  DSP101  and  DSP102,  the 
performance  of  a  number  of  parts  was  measured  under 
various  conditions  with  a  4.8MHz,  50%  duty  cycle  input  to 
CLKIN  at  a  full  200kHz  conversion  rate  without  noticeable 

degradation. 

OSCILLATOR  INPUTS  AND  CLKOUT 

The  DSP101  or  DSP102  can  generate  a  33%  duty  cycle 
conversion  clock  output  on  CLKOUT  (pin  11).  This  is 
accomplished  by  dividing  by  three  a  clock  from  either  an 
external  74HC-level  clock  or  from  a  crystal  oscillator. 
CLKOUT  can  deliver  ±2mA,  and  can  be  used  to  drive 
multiple  DSP101  or  DSP102  CLKINs.  See  Figure  1  for  the 
timing  relationship  between  OS  Cl  and  CLKOUT. 

To  use  an  external  74HC-level  clock,  drive  the  clock  into 
OSC1  (pin  13),  and  leave  OSC2  (pin  14)  unconnected. 

To  use  a  crystal  oscillator  to  generate  the  conversion  clock, 
refer  to  Figure  5.  Connect  the  oscillator  between  OSC1  and 
OSC2.  OSC2  provides  the  drive  for  the  crystal  oscillator. 
This  pin  cannot  be  used  elsewhere  in  the  system. 


If  CLKOUT  is  not  used,  both  it  and  OSC2  should  be  left 
unconnected,  and  OSC1  should  be  grounded. 


tag  feature 

Figure  4  shows  the  implementation  of  the  TAG  feature  on 
the  DSP101  and  DSP102.  When  a  convert  command  is 
received,  the  internal  Shift/Load  signal  loads  conversion 
result  data  into  the  output  shift  register  synchronous  to 
XCLK.  Between  convert  commands,  the  information  input 
on  TAG  (on  the  DSP101)  or  on  TAGA  and  TAGB  (on  the 
DSP  102)  will  be  clocked  into  the  output  shift  register  on  the 
rising  edges  of  XCLK.  Since  this  is  an  18-bit  shift  register, 
the  L  Input  on  the  Tag  lines  will  be  output  on  SOUT 
(DSP101)  or  SOUTA  and  SOUTB  (DSP102)  delayed  by  18 
bit  clocks. 


The  Tag  Feature  can  be  used  in  various  ways.  The  Tag 
inputs  can  be  tied  HIGH  or  LOW  to  differentiate  between 
two  converters  in  a  system.  As  discussed  in  the  Applications 
section  below,  the  Tag  feature  can  be  used  to  append  to  the 
serial  output  data  word  information  on  multiplexer  channel 
address,  or  other  digital  data  related  to  the  input  signal  (such 
as  the  setting  on  a  programmable  gain  amplifier.)  Another 
option  would  be  to  daisy-chain  multiple  DSP101  or  DSP102 
converters,  linking  the  serial  output  of  one  to  the  Tag  input 
of  the  next.  This  can  simplify  the  transmission  of  data  from 


DSP1 02  CASCADE  MODE 

If  pin  22  (CASC)  is  tied  HIGH,  the  DSP102  will  be  in  the 
Cascade  Mode.  In  this  mode,  when  a  convert  command  is 
received,  the  DSP  102  will  transmit  a  32-bit  data  word  on  pin 


FIGURE  7.  DSP101  or  DSP102  Input  Buffering. 
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20  (SOUTA)  containing  data  for  both  input  channels  in  two 
16-bit  words.  Referring  to  Figure  1,  the  first  16  bits  of  data 
will  be  the  results  for  channel  A,  followed  by  16  bits  of 
information  for  channel  B.  The  data  will  be  transferred  MSB 
first.  A  convert  command  at  time  (t)  will  initiate  the  trans¬ 
mission  of  the  results  of  the  conversion  initiated  at  time 
(t-D. 

From  the  descriptions  above  of  the  internal  shift  registers 
shown  in  Figure  4,  it  can  be  seen  that  the  DSP  102  in  the 
Cascade  Mode  actually  continues  to  shift  out  data  after  the 
32nd  bit  of  the  data  word.  The  next  two  bits  clocked  out  will 
be  the  last  two  data  bits  from  the  full  18-bit  conversion  on 
channel  B,  after  which  the  information  output  on  SOUTA 
will  be  the  information  clocked  into  TAGB  35  bit  clock 
cycles  earlier. 

In  the  Cascade  mode  on  the  DSP102,  SOUTB  will  still 
output  channel  B  conversion  data  and  tag  data  as  usual. 

ANALOG  PERFORMANCE 

LINEARITY 

The  DSP101  and  DSP102  are  optimized  for  signal  process¬ 
ing  applications  with  wide  dynamic  range  requirements. 
Linearity  is  trimmed  for  best  performance  in  the  range 
around  0V,  which  is  critical  for  handling  low  amplitude 
signals.  The  DSP101  and  DSP102  typically  have  integral 
and  differential  non-linearity  below  ±0.003%  in  the  input 
range  of  ±0.7V,  with  there  being  no  missing  codes  at  the  14- 
bit  level  in  this  range.  Over  the  full  ±2.75 V  input  range,  the 
largest  non-linearities  are  centered  around  the  bit  #2  transi¬ 
tion  points  at  +1.375V  and  -1.375V  levels. 


NOISE  AND  BIPOLAR  ZERO  ERROR 

The  equivalent  input  noise  and  bipolar  zero  error  of  the 
DSP101  and  DSP102  is  shown  in  the  typical  performance 
section  for  both  channels  on  a  DSP102.  The  inputs  to  both 
channels  were  grounded,  and  the  results  of  5,000  conver¬ 
sions  was  recorded.  The  data  shown  is  binned  at  the  16-bit 
level.  The  noise  results  from  all  sources  in  the  circuit, 
including  clocks,  reference  noise,  etc. 

In  a  theoretically  ideal  converter  with  no  offset  and  no  noise, 
the  results  of  all  5,000  conversion  for  each  channel  would  lie 
in  the  bin  corresponding  to  bipolar  zero,  code  0000.  The 
typical  DSP101  or  DSP102  will  have  offset  errors  in  the 
range  of  1  to  2m V,  and  the  two  channels  on  the  DSP102  will 
be  matched  closer  than  2mV.  The  DSP102  shown  in  the 
typical  performance  section  has  the  worst  offset,  -0.8mV, 
on  channel  A,  with  channel  B  being  less  than  lmV  different, 
and  the  three  sigma  noise  on  either  channel  being  less  than 
250JJ.V. 

INPUT  BANDWIDTH 

From  the  typical  performance  curves,  it  can  be  seen  that 
there  is  very  little  degradation  in  Signal-to-(Noise  +  Distor¬ 
tion)  for  input  signals  up  to  100kHz.  The  wideband  sampling 
input  typically  maintains  a  60dB  Signal-to-(Noise  +  Distor¬ 
tion)  Ratio  undersampling  500kHz  input  signals. 

LAYOUT  CONSIDERATIONS 

Because  of  the  high  resolution,  linearity  and  speed  of  the 
DSP101  and  DSP102,  system  design  problems  such  as 
ground  path  resistance,  contact  resistance  and  power  supply 
quality  become  very  important. 


DSP101  or  DSP102h> 
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Leave  out  on  DSP101(1) 


NOTE:  (1 )  On  DSP1 01 ,  pins  23  and  24  are 
not  internally  connected.  Pin  26  must  still  be 
bypassed  with  the  1 0pF  Tantalum  capacitor. 


FIGURE  8.  DSP101  or  DSP102  Optional  MSB  and  Offset  Adjust. 
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Optimal  dynamic  performance  is  achieved  by  soldering  the 
parts  directly  into  boards,  to  keep  the  A/Ds  as  close  as 
possible  to  ground.  The  use  of  sockets  will  often  degrade  AC 
performance.  Zero-Insertion-Force  sockets  are  particularly 
poor  because  longer  lead  lengths  create  inductance. 

Short  traces  on  the  board,  and  bypass  capacitors  as  close  as 
possible  to  the  A/D,  will  further  improve  dynamic  perfor¬ 
mance. 

GROUNDS 

To  achieve  the  maximum  performance  from  the  DSP101  or 
DSP102,  care  should  be  taken  to  minimize  the  effect  of 
changes  in  current  flowing  in  the  system  grounds,  particu¬ 
larly  while  bit  decisions  are  being  made  in  the  successive 
approximation  converter’s  comparator.  Pin  28  (AGND)  on 
both  the  DSP101  and  the  DSP102  is  the  most  critical,  and 
care  should  be  taken  to  make  this  pin  as  close  as  possible  to 
the  same  potential  as  the  system  analog  ground. 

Whenever  possible,  it  is  strongly  recommended  that  separate 
analog  and  digital  ground  planes  be  used.  With  an  LSB  level 
of  84|i.V  at  the  16-bit  level,  and  one-quarter  of  that  at  the  1 8- 
bit  level,  the  currents  switched  in  a  typical  DSP  system  can 
easily  corrupt  the  accuracy  of  the  A/Ds  unless  great  care  is 
taken  to  analyze  and  design  for  current  flows. 


POWER  SUPPLY  DECOUPLING 

All  of  the  supplies  should  be  decoupled  to  the  appropriate 
grounds  using  tantalum  capacitors  in  parallel  with  ceramic 
capacitors,  as  shown  in  Figure  6.  For  optimum  performance 
of  any  high  resolution  A/D,  all  of  the  supplies  should  be  as 
clean  as  possible.  If  separate  digital  and  analog  supplies  are 
available  in  a  system,  care  should  be  taken  to  insure  that  the 
difference  between  the  analog  and  the  digital  supplies  is  not 
more  than  0.5V  for  more  than  a  few  hundred  milliseconds, 
as  may  occur  at  power-on. 

INPUT  SIGNAL  CONDITIONING 

To  avoid  introducing  distortion,  the  DSP101  and  DSP102 
analog  inputs  must  be  driven  by  a  source  with  low  imped¬ 
ance  over  the  input  bandwidth  needed  in  the  application.  Op 
amps  such  as  the  NE5532  or  Burr-Brown’s  OPA2604  work 
well  over  audio  bandwidths.  Figure  7  shows  an  appropriate 
input  driver  circuit.  The  1500  and  220pF  shown  on  the  input 
help  reduce  the  dynamic  load  on  the  input  signal  condition¬ 
ing  amp  in  front  of  the  A/D,  since  all  switched  capacitor 
array  architectures  exhibit  fast  changes  in  input  current  load 
as  the  input  sampling  switch  is  opened  and  closed.  These 
dynamic  changes  in  the  load  can  affect  any  signal  condition¬ 
ing  circuit  at  the  input.  Other  R  and  C  combinations  can  be 
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FIGURE  9.  Driving  a  16-bit  Parallel  Port  from  the  DSP101. 
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used,  but  the  resistor  should  not  exceed  200Q,  or  the  output 
settling  time  of  the  signal  conditioning  amplifier  may  be  too 
long. 

EXTERNAL  ADJUSTMENTS 

All  of  the  specifications  for  the  DSP101  and  DSP102,  plus 
the  typical  performance  curves,  are  based  on  the  perfor¬ 
mance  of  these  A/Ds  without  external  trims.  In  most  appli¬ 
cations,  external  trims  are  not  required. 

OFFSET  ADJUST 

Where  required  by  specific  applications,  offsets  can  be 
adjusted  using  Figure  8.  When  not  adjusted,  VOS  (pin  4)  on 
the  DSP101,  and  VOSA  (pin  4)  and  VOSB  (pin  23)  on  the 
DSP102,  should  be  left  open.  If  these  pins  are  connected  to 
traces  on  the  board,  they  should  be  bypassed  to  ground  with 
0.0  lpF  capacitors,  as  close  as  possible  to  the  A/D. 

To  trim  offset,  one  alternative  is  to  ground  the  analog  input 
while  converting  continually.  Then  adjust  the  trimpot  (on 
VOS  for  the  DSP101 ,  on  VOSA  and  VOSB  for  the  DSP102) 
until  the  output  code  is  toggling  between  the  codes  FFFF  and 
0000  (Hex)  at  the  16-bit  level  (3FFFF  and  00000  at  the  18- 
bit  level.)  This  will  center  the  offset  at  1/2  LSB  below  0V, 


which  is  respectively  — 42pV  or— 10|iV  at  the  16-  and  18-bit 
levels. 

The  offset  can  also  be  adjusted  by  providing  a  sine  wave  to 
the  A/D  input.  Using  FFT,  or  even  simple  averaging  of 
several  thousand  conversion  results  at  a  time,  the  trimpots 
can  be  adjusted  until  there  is  no  DC  offset  of  the  signal. 

Grounding  the  input,  or  providing  the  sine  wave,  as  far  in 
front  of  the  A/D  as  possible  allows  offset  from  intervening 
signal  conditioning  components  to  be  also  corrected  by  this 
procedure. 

MSB  ADJUST 

In  most  applications,  adjustment  of  the  Most  Significant  Bit 
weight  will  not  be  required.  When  not  adjusted,  MSB  (pin 
3)  on  the  DSP101,  and  MSBA  (pin  3)  and  MSBB  (pin  24) 
on  the  DSP  102,  should  be  left  open.  If  these  pins  are 
connected  to  traces  on  the  board,  they  should  be  bypassed 
to  ground  with  O.OlpF  capacitors,  as  close  as  possible  to  the 
A/D. 

MSB  (pin  3)  on  the  DSP101,  and  MSBA  (pin  3)  and  MSBB 
(pin  24)  on  the  DSP102,  are  internally  connected  to  a 
resistor  divider  network  that  is  used  to  laser-trim  the  weight 
of  the  MSB  capacitor  in  the  CD  AC.  These  pins  are  nomi- 
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FIGURE  10.  A  Complete  Eight-Channel  Analog  Input  System  Using  the  DSP202  and  the  HI-508A. 
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nally  at  +100mV  after  laser-trimming  during  manufacturing. 
They  can  handle  external  inputs  up  to  about  one  diode  drop 
below  ground  (-0.6V)  before  internal  clamping  circuitry  is 
triggered. 

Figure  8  shows  an  appropriate  circuit  for  adjusting  the 
weight  of  the  most  significant  bit  to  minimize  differential 
non-linearity  at  the  critical  major-carry  transition.  To  adjust, 
provide  a  small  amplitude  sine  wave  to  the  selected  A/D 
input  pin  while  converting  continually,  and  adjust  for  maxi¬ 
mum  Signal-to-(Noise  +  Distortion)  ratio,  using  appropriate 
signal  analysis  software. 

GAIN  ADJUST 

If  circuit  gain  needs  to  be  adjusted  in  hardware,  rather  than 
in  system  software,  appropriate  trimpots  should  be  included 
in  the  analog  signal  conditioning  section  in  front  of  the 
DSP101  or  DSP102.  No  specific  gain  adjust  circuitry  is 
included  in  the  parts. 

APPLICATIONS 

INTERFACING  DSP101  TO  PARALLEL  PORTS 

Figure  9  shows  a  circuit  for  converting  the  serial  output  data 
from  the  DSP101  into  16  bits  of  parallel  data,  within  the 
timing  constraints  of  the  serial  bit-stream  from  the  DSP101. 
In  many  applications,  this  circuit  can  be  easily  incorporated 
into  gate  arrays  or  other  programmed  logic  circuits  already 
used  in  the  system,  since  the  extra  gate  count  is  not  high. 

This  circuit  adds  an  additional  pipeline  delay  to  the  conver¬ 
sion  data,  so  that  the  parallel  data  from  a  conversion  at  time 


(t)  is  valid  one  conversion  cycle  plus  17  XCLK  clocks  later 
(at  t+1  plus  17  times  XCLK).  A  convert  command  at  time 
(t+1)  generates  a  Sync  and  begins  transmitting  serial  data 
from  SOUT.  The  serial  data  is  shifted  into  the  74HC594 
shift  registers,  and  Sync  is  shifted  through  the  74HC164 
shift  registers.  The  Q1  output  of  the  74HC74  dual  D-type 
flip-flops  clocks  the  conversion  data  into  the  output  register 
of  the  74HC594s,  and  triggers  a  data  valid  signal  on  its  Q2 
output.  The  user  can  then  read  the  data  at  any  time  before  the 
next  conversion  is  started,  and  the  Read  signal  will  reset  the 
data  valid  output  from  Q2. 

In  many  systems,  galvanic  isolation  of  signals  is  required. 
Using  opto-couplers  on  the  serial  data  lines  in  Figure  9 
allows  a  fully  isolated  system  to  be  built  using  a  DSP101  and 
only  three  couplers  across  the  barrier  (for  serial  data,  XCLK 
and  SYNC.) 

MULTIPLEXING  INPUTS  TO  THE  DSP101 

Figure  10  shows  a  complete  circuit  for  sequentially  scanning 
eight  analog  input  channels  with  a  single  DSP101,  and  using 
the  Tag  feature  on  the  DSP101  to  append  the  multiplexer 
channel  address  to  the  serial  output  conversion  results. 

The  circuit  in  Figure  10  includes  the  required  digital  logic 
and  timing  logic.  The  74HC163  counter  provides  the  scan 
sequence  to  the  Burr-Brown  HI-508A  analog  multiplexer.  In 
order  to  allow  the  HI-508A  enough  time  to  switch  to  the  next 
channel  and  settle  before  the  DSP101  begins  a  conversion, 
a  74HC221  one-shot  introduces  a  3|is  delay  for  the  DSP101 
convert  command  input. 

The  Burr-Brown  OPA627  provides  a  low  impedance  source 
for  the  DSP101,  buffering  it  from  the  output  impedance  of 


FIGURE  11.  Analog  Input  and  Analog  Output  System. 
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I  the  multiplexer.  This  unity-gain  buffer  minimizes  distortion, 
talcing  full  advantage  of  the  resolution  and  bandwidth  of  the 
DSP  101. 

I  The  74HC574D  register  delays  the  multiplexer  address  data 
by  one  conversion  before  appending  the  channel  data  to  the 
serial  conversion  results  from  the  DSP101.  This  attaches  the 
channel  address  to  the  correct  conversion  results.  Since  the 

I  channel  scanning  shown  in  Figure  10  is  sequential,  this 
delay  latch  could  be  left  out  and  software  could  recognize 
that  the  time  (t)  conversion  results  have  the  MUX  address 

I  from  the  time  (t-1)  conversion  appended.  However,  for 
systems  using  non-sequential  scan  lists,  this  delay  latch  is 
essential  to  maintain  the  conversion  data  and  channel  ad- 

I  dress  integrity. 

The  74HC166  synchronous  loading  shift  register  loads  the 
channel  address  tag  data  into  the  shift  register  on  the  rising 
edge  of  the  bit  clock,  in  conjunction  with  the  Sync  output  of 

I  the  DSP101.  The  channel  address  tag  data  is  then  clocked 
into  the  DSP101  Tag  input  (pin  18)  by  the  bit  clock,  while 
the  conversion  data  is  clocked  out  the  other  end  of  the 


DSP101  shift  register  (discussed  in  another  section  of  this 
data  sheet.) 

Figure  10  was  developed  and  tested  using  a  Burr-Brown 
ZPB34  DSP  board,  which  contains  an  AT&T  DSP32C,  so 
that  the  SYNC  output  is  programmed  to  be  active  LOW.  The 
circuit  needs  to  be  modified  for  DSP  processors  from  ADI, 
TI,  and  Motorola,  which  use  active  HIGH  Sync  pulses.  For 
these  processors,  tie  SSF  (pin  12)  on  the  DSP101  HIGH,  and 
use  a  74HC04  hex  inverter  to  invert  the  Sync  signal  to  the 
74HC574  and  74HC166. 

The  same  basic  circuit  can  be  duplicated  to  drive  two 
channels  in  a  DSP  102,  or  can  be  easily  modified  for  more  or 
less  than  eight  channels  of  analog  input 

USING  DSP101  AND  DSP102  WITH 
TEXAS  INSTRUMENTS  DSP  ICS 

Figures  11  thru  17  show  various  ways  to  use  the  DSP101 
and  DSP  102  with  DSP  ICs  from  the  Texas  Instruments 
TMS320Cxx  series.  For  simplicity,  all  of  these  circuits  are 


SYNC  - 

±2.75V  Analog  Input  2  20 

Channel  A  -  VINA  SOUTA  — 

±2.75VAnalog  Input  _25_^  viNB  S0UTB  ±L 

Channel  B 


FIGURE  12.  Using  DSP102  with  TMS320C30. 


I  FIGURE  13.  Using  DSP102  with  TMS320C30  in  Cascade  Mode. 


i  BURR-BROWN® 
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based  on  using  the  TME320Cxx  in  the  mode  where  SSF 
(Select  Synch  Format,  pin  12)  is  tied  HIGH,  so  that  there  is 
an  active  High  synchronization  pulse  generated  by  the 
DSP101  or  DSP102  after  receiving  a  convert  command.  The 
synchronization  pulse  can  be  changed  to  active  Low  simply 
by  making  SSF  LOW,  where  appropriate,  without  changing 
the  basic  operation  of  the  A/Ds. 


In  all  cases,  the  DSP101  and  DSP102  will  transmit  data 
MSB-first,  and  the  TMS320Cxx  needs  to  be  programmed 
for  this. 

Figure  11  shows  a  circuit  for  using  the  TMS320C25  or 
TMS320C30  in  a  complete  analog  input  and  analog  output 
system  using  the  DSP101  along  with  the  Burr-Brown  DSP201 
D/A. 


FIGURE  14.  Two-Channel  Analog  Input  and  Output  System  with  TMS320C30. 


FIGURE  15.  Two-Channel  Analog  Input  and  Output  System  with  TMS320C30  in  Cascade  Mode. 
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USING  TMS320C31  TO  GENERATE 
ALL  CONTROL  SIGNALS 

Figure  17  shows  a  circuit  for  using  the  TMS320C31  with  a 
DSP102  and  a  Burr-Brown  DSP202  D/A  to  provide  a  two 
channel  analog  I/O  system.  The  flexibility  of  the  TMS320C3 1 
allows  it  to  generate  the  data  transfer  clock  (XCLK)  and  the 
Convert  Command,  minimizing  additional  circuitry  and  syn¬ 
chronizing  the  timing  signals  to  the  processor’s  master 


clock.  In  this  circuit,  the  DSP  102  and  DSP202  are  used  in 
their  Cascade  modes,  transmitting  and  receiving  two  chan¬ 
nels  of  data  in  a  single  32-bit  word.  (See  the  Cascade  Mode 
section  above.) 

Table  II  shows  how  to  set  up  the  circuit  in  Figure  17  for  a 
44.1kHz  conversion  rate  for  both  channels  of  the  DSP102 
A/D  and  both  channels  of  the  DSP202  D/A.  Both  inputs  and 
outputs  will  be  simultaneously  converted. 


±2.75V  Analog  Input 


NOTES:  (1)  TMS320C25  FSR  external,  16-bit  data. 


FIGURE  16.  Using  DSP101  with  TMS320C25. 


|  FIGURE  17.  Two  Channel  Analog  I/O  Using  TMS320C31 

I 

I 


SERIAL  PORT 

Port  Global  Control  Register 

0x0EBC040 

FSX/DX/CLKX  Port  Control  Register 

0x00000111 

FSR/DR/CLKR  Port  Control  Register 

0x00000111 

Receive/T ransmit  Timer  Control  Register 

OxOOOOOOOF 

TIMER 

Timer  Global  Control  Register 

OX000002C1 

Timer  Period  Register 

OXOOOOOOB5 

NOTE:  Assumes  TMS320C31  has  32MHz  Master  Clock. 

TABLED.  TMS320C31  Register  Settings  for  44.1kHz  Con¬ 
version  Rate  in  Figure  17. 
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USING  DSP101  AND  DSP102 
WITH  MOTOROLA  DSP  ICS 

Figure  18  shows  how  to  use  the  DSP101  with  a  Motorola 
DSP56001.  Using  the  DSP  102  requires  using  two 
DSP56001s.  The  DSP56001  needs  to  be  programmed  to 
receive  data  MSB-first  with  SYNC  in  the  Bit  Mode. 

SSF  (pin  12)  needs  to  be  tied  HIGH  for  using  either  the 
DSP101  or  the  DSP102  with  DSP56001s.  This  will  cause 
the  DSP101  or  DSP102  to  transmit  an  appropriate  active 
High  synchronization  pulse  on  SYNC  (pin  15)  after  a  con¬ 
vert  command  is  received  by  the  A/D.  Timing  is  shown  in 
Figure  1. 

USING  DSP101  AND  DSP102  WITH  AT&T  DSP  ICS 

Figures  11, 19, 20,  and  21  show  how  to  use  the  DSP101  and 


DSP102  with  the  DSP  16  and  DSP32C  in  different  modes. 
The  AT&T  processors  need  to  be  programmed  to  accept 
data  MSB-first,  and  the  DSP101  or  DSP102  needs  to  have 
SSF  (pin  12)  tied  LOW,  so  that  an  appropriate  active  Low 
synchronization  pulse  will  be  transmitted  by  the  A/D  after  a 
convert  command  is  received. 

Figures  19  and  20  show  the  DSP32C  and  DSP16  respec¬ 
tively  used  with  the  DSP101  to  handle  a  single  analog  input 
channel. 

Figure  21  shows  how  to  transmit  to  a  single  DSP32C 
conversion  results  from  both  DSP102  channels  in  a  single 
32-bit  word,  using  the  Cascade  mode  on  the  A/D. 

Figure  1 1  indicates  how  to  build  a  complete  analog  input  and 
analog  output  system  using  a  DSP32C  or  DSP16  with  a 
DSP101  and  a  Burr-Brown  DSP201  D/A. 


FIGURE  18.  Using  DSP101  with  DSP56001. 


FIGURE  19.  Using  DSP101  with  DSP32C. 
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USING  DSP101  AND  DSP102  WITH  ADI  DSP  ICS 

When  using  the  DSP101  or  DSP102  with  the  fixed-point 
ADSP21xx  series,  the  processors  need  to  be  programmed  to 
receive  data  MSB-first. 

Figure  22  shows  how  to  use  the  DSP102  with  an  ADSP2101 
to  provide  a  two-channel  simultaneous  sampling  system. 

Figure  23  shows  the  connections  required  to  generate  an 
analog  input  channel  using  an  ADSP2105  with  the  DSP101. 


The  same  basic  circuit  can  be  used  to  connect  a  DSP  10.1  to 
the  ADSP2101. 

Figure  11  indicates  how  to  build  a  complete  analog  I/O 
system  using  either  the  ADSP2101  or  the  ADSP2105  with  a 
DSP101  and  a  Burr-Brown  DSP201  D/A. 

The  two  serial  ports  on  the  ADSP2101  can  also  be  used  with 
the  DSP  102  and  the  Burr-Brown  DSP202  D/A  to  make  two 
complete  analog  I/O  channels,  as  indicated  in  footnote  2  of 
Figure  14. 


+2.75V  Analog  Input 


NOTE:  DSP16  programmed  for  MSB  bit  first,  16-bit  data. 


FIGURE  20.  Using  DSP101  with  DSP16. 


±2.75V  Analog  Input 
Channel  A 
±2.75V  Analog  Input 
Channel  B 


NOTES:  (1 )  DSP32C  programmed  32-bit  data  MSB  bit  first.  (2)  Data  format  is  Channel  A,  16-bits,  MSB  first,  then  Channel  B. 


FIGURE  21.  Using  DSP102  with  DSP32C  in  Cascade  Mode. 
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_ _ _ _  ■ 

TTL  Bit 

Clock 

DSP101 

ADSP-2105 

XCLK 

16 

_ J 

SCLK 

20 

DR 

SOUT 

2 

±2.75V  Analog  Input - *■ 

SYNC 

15 

RFS 

SSF 

12 

-0+5V 

CONV 

21 

Conversion  Rate 

Generator 

- - - — - J 

FIGURE  23.  Using  DSP101  with  ADSP-2105. 


DEM-DSP1 02/202  EVALUATION  BOARD 

An  evaluation  fixture,  the  DEM-DSP 102/202,  is  available  to 
simplify  evaluation  of  the  DSP101  and  DSP102.  ““L*  * 
companion  digital-to-analog  converters,  the  single  DSP201 
and  dual  DSP202.  The  DEM-DSP 102/202  comes  complete 
with  a  socketed  DSP102  and  DSP202,  a  breadboard  area, 
TTL  I/O  headers  and  differential  line  drivers  for  data  trans¬ 


options,  a  complete  clocking  circuit  for  the  conversion 
;k  and  bit  clock,  and  analog  filter  modules.  The  board 
ces  it  easy  to  go  from  design  concept  to  working  proto- 
-  of  a  DSP-based  system,  offering  two  complete  analog 


Contact  your  local  Burr-Brown  representative  for  a  full  data 
sheet  on  the  DEM-DSP102/202. 
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Philips  Semiconductors  Microcontroller  Products  Product  specification 

CMOS  single-chip  8-bit  microcontrollers  83C750/87C750 


DESCRIPTION 

The  Philips  8XC750  offers  the  advantages  of 
the  80C51  architecture  in  a  small  package 
and  at  low  cost. 

The  8XC750  Microcontroller  is  fabricated  with 
Philips  high-density  CMOS  technology. 

Philips  epitaxial  substrate  minimizes  CMOS 
latch-up  sensitivity. 

The  87C750  contains  a  1  k  x  8  EPROM,  a 
64  x  8  RAM,  19  I/O  lines,  a  16-bit 
auto-reload  counter/timer,  a  five-source, 
fixed-priority  level  interrupt  structure  and  an 
on-chip  oscillator. 


FEATURES 

•  80C51  based  architecture 

•  Wide  oscillator  frequency  range— up  to 
40MHz 

•  Small  package  sizes 

-  24-pin  DIP  (300  mil  “skinny  DIP”) 

-  28-pin  PLCC 

•  87C750  available  in  erasable  quartz  lid  or 
one-time  programmable  plastic  packages 

•  Low  power  consumption: 

-  Normal  operation:  less  than  11mA  @  5V, 
•  12MHz 

-  Idle  mode 

-  Power-down  mode 

•  Ik  x  8  EPROM  (87C750) 

•  64x8  RAM 

•  16-bit  auto  reloadable  counter/timer 

•  Boolean  processor 

•  CMOS  and  TIL  compatible 

•  Well  suited  for  logic  replacement, 
consumer  and  industrial  applications 

•  LED  drive  outputs 


PIN  CONFIGURATIONS 


P3.4/A4[T 
P3.3/A3  |T 
P3.2/A2/A10[T 
P3.1/A1/A9[T 
P3.0/A0/As[7 
P0.2/Vpp  [j[ 
po.i/oe-pgm[T 
po.a'ASEL  [a 
RST  [T 

X2  [To 
xi  QT 
vss  m 


CERAMIC 

AND 

PLASTIC 

DUAL 

IN-LINE 

PACKAGE 


13  Vcc 

23]  P3.S/A5 
22]  P3.6/A6 
2l]  P3.7/A7 
55]  P1.7mVD7 
T9]  pi.6/ifrrr/D6 
Ts]  pi.s/ircraos 

17]  PI  .404 
Ti]  PI. 303 
1?]  PI. 202 

TT]  pi. 101 
T5]  pi.qoo 


5C 

/  0 

3  25 

11C 

PLASTIC 

LEADED 

CHIP 

CARRIER 

3  19 

U 

cr 

12 

18 

Pin 

Function 

Pin  Function 

1 

P3.4/A4 

15 

P1.0/D0 

2 

P3.3/A3 

16 

PI. 1/DI 

3 

P3.2/A2/A10 

17 

P1.2/D2 

4 

P3.1/A1/A9 

18 

P1.3/D3 

5 

N.C. 

19 

P1.4/D4 

6 

P3.0/AQ/A8 

20 

P1.5/1RT5/D5 

7 

8 

P0.2/Vpp 

PO.I/OE-PGM 

21 

22 

N.C. 

N.C. 

9 

PO.O/ASEL 

23 

P1.6/TNTT/D6 

10 

N.C. 

24 

P1.7/T0/D7 

11 

RST 

25 

P3.7/A7 

12 

X2 

26 

P3.6/A6  . . 

13 

XI 

27 

P3.5/A5 

14 

Vss 

28 

VCC 

ORDERING  INFORMATION 


ROM 

EPROM1 

TEMPERATURE  RANGE  °C  AND  PACKAGE 

FREQUENCY 

DRAWING 

NUMBER 

P87C750EBF  FA 

UV 

0  to  +70,  Ceramic  Dual  In-line  Package 

3.5  to  16MHz 

0586B 

P87C750EFF  FA 

UV 

—40  to  +85,  Ceramic  Dual  In-line  Package 

3.5  to  16MHz 

0586B 

P83C750EBP  N 

P87C750EBP  N 

OTP 

0  to  +70,  Plastic  Dual  In-line  Package 

3.5  to  16MHz 

041 OD 

P83C750EFP  N 

P87C750EFP  N 

OTP 

-40  to  +85,  Plastic  Dual  In-line  Package 

3.5  to  16MHz 

041 OD 

P83C750EBA  A 

P87C750EBA  A 

OTP 

0  to  +70,  Plastic  Lead  Chip  Carrier 

3.5  to  16MHz 

0401 F 

P83C750EFA  A 

P87C750EFA A 

OTP 

-40  to  +85,  Plastic  Lead  Chip  Carrier 

3.5  to  16MHz 

0401 F 

P83C750PBP N 

P87C750PBP  N 

OTP 

0  to  +70,  Plastic  Dual  In-line  Package 

3.5  to  40MHz 

041 0D 

P83C750PFP N 

P87C750PFP  N 

OTP 

-40  to  +85,  Plastic  Dual  In-line  Package 

3.5  to  40MHz 

041  OD 

P83C750PBA  A 

P87C750PBA  A 

OTP 

0  to  +70,  Plastic  Lead  Chip  Carrier 

3.5  to  40MHz 

0401 F 

P83C750PFA  A 

P87C750PFA  A 

OTP 

-40  to  +85,  Plastic  Lead  Chip  Carrier 

3.5  to  40MHz 

0401 F 

P87C750PBF  FA 

UV 

0  to  +70,  Ceramic  Dual  In-line  Package 

3.5  to  40MHz 

0586B 

P87C750PFF  FA 

UV 

-40  to  +85,  Ceramic  Dual  In-line  Package 

3.5  to  40MHz 

0586B 

NOTE: 

1.  OTP  =  One  Time  Programmable  EPROM.  UV=  UV  Erasable  EPROM. 
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CMOS  single-chip  8-bit  microcontrollers  83C750/87C750 

PIN  DESCRIPTIONS 


PIN  NO. 

MNEMONIC 

DIP/ 

SSOP 

LCC 

TYPE 

NAME  AND  FUNCTION 

VSS 

12 

14 

1 

Circuit  Ground  Potential 

Vcc 

24 

28 

1 

Supply  voltage  during  normal,  idle,  and  power-down  operation. 

P0.0-P0.2 

8-6 

9-7 

I/O 

Port  0:  Port  0  is  a  3-bit  open-drain,  bidirectional  port.  Port  0  pins  that  have  Is  written  to  them  float, 
and  in  that  state  can  be  used  as  high-impedance  inputs.  These  pins  are  driven  low  if  the  port 
register  bit  is  written  with  a  0.  The  state  of  the  pin  can  always  be  read  from  the  port  register  by  the 
program. 

PO.O  and  P0.1  are  open  drain  bidirectional  I/O  pins  with  the  electrical  characteristics  listed  in  the 
tables  that  follow.  While  these  differ  from  “standard  TTL"  characteristics,  they  are  close  enough  for 
the  pins  to  still  be  used  as  general-purpose  I/O.  Port  0  also  provides  alternate  functions  for 
programming  the  EPROM  memory  as  follows: 

6 

7 

N/A 

Vpp  (P0.2)  -  Programming  voltage  input. 

7 

8 

1 

OE/PGM  (P0.1 )  -  Input  which  specifies  verify  mode  (output  enable)  or  the  program  mode. 

OE/PGM  =  1  output  enabled  (verify  mode). 

OE/PGM  =  0  program  mode. 

8 

9 

1 

ASEL  (PO.O)  -  Input  which  indicates  which  bits  of  the  EPROM  address  are  applied  to  port  3. 

AS  EL  =  0  low  address  byte  available  on  port  3. 

ASEL  =  1  high  address  byte  available  on  port  3  (only  the  three  least  significant  bits  are  used). 

PI. 0-P1. 7 

13-20 

15-20, 
23,  24 

I/O 

Port  1:  Port  1  is  an  8-bit  bidirectional  I/O  port  with  internal  pull-ups.  Port  1  pins  that  have  Is  written 
to  them  are  pulled  high  by  the  internal  pull-ups  and  can  be  used  as  inputs.  As  inputs,  port  1  pins 
that  are  externally  pulled  low  will  source  current  because  of  the  internal  pull-ups.  (See  DC 

Electrical  Characteristics:  lit).  Port  1  serves  to  output  the  addressed  EPROM  contents  in  the  verify 
mode  and  accepts  as  Inputs  the  value  to  program  into  the  selected  address  during  the  program 
mode.  Port  1  also  serves  the  special  function  features  of  the  80C51  family  as  listed  below: 

18 

20 

1 

INTO  (PI. 5):  External  interrupt. 

19  . 

23 

1 

INTI  (PI  .6):  External  interrupt. 

20 

24 

1 

TO  (PI  .7):  Timer  0  external  input. 

P3.0-P3.7 

5-1, 

23-21 

4-1,6, 

27-25 

I/O 

Port  3:  Port  3  is  an  8-bit  bidirectional  I/O  port  with  internal  pull-ups.  Port  3  pins  that  have  Is  written 
to  them  are  pulled  high  by  the  internal  pull-ups  and  can  be  used  as  inputs.  As  inputs,  port  3  pins 
that  are  externally  being  pulled  low  will  source  current  because  of  the  pull-ups.  (See  DC  Electrical 
Characteristics:  l|[_).  Port  3  also  functions  as  the  address  input  for  the  EPROM  memory  location  to 
be  programmed  (or  verified).  The  1 0-bit  address  is  multiplexed  into  this  port  as  specified  by 
P0.0/ASEL. 

RST 

9 

11 

1 

Reset:  A  high  on  this  pin  for  two  machine  cycles  while  the  oscillator  is  running,  resets  the  device. 

An  internal  diffused  resistor  to  VSs  permits  a  power-on  RESET  using  only  an  external  capacitor  to 
Vcc-  After  the  device  is  reset,  a  1 0-bit  serial  sequence,  sent  LSB  first,  applied  to  RESET,  places 
the  device  in  the  programming  state  allowing  programming  address,  data  and  VPP  to  be  applied  for 
programming  or  verification  purposes.  The  RESET  serial  sequence  must  be  synchronized  with  the 

XI  input. 

XI 

11 

13 

1 

Crystal  1 :  Input  to  the  inverting  oscillator  amplifier  and  input  to  the  internal  clock  generator  circuits. 

XI  also  serves  as  the  clock  to  strobe  in  a  serial  bit  stream  into  RESET  to  place  the  device  in  the 
programming  state. 

X2 

10 

12 

0 

Crystal  2:  Output  from  the  inverting  oscillator  amplifier. 
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OSCILLATOR 

CHARACTERISTICS 

XI  and  X2  are  the  input  and  output, 
respectively,  of  an  inverting  amplifier  which 
can  be  configured  for  use  as  an  on-chip 
oscillator. 

To  drive  the  device  from  an  external  clock 
source,  XI  should  be  driven  while  X2  is  left 
unconnected.  There  are  no  requirements  on 
the  duty  cycle  of  the  external  clock  signal, 
because  the  input  to  the  internal  clock 
circuitry  is  through  a  divide-by-two  flip-flop. 
However,  minimum  and  maximum  high  and  .. 
low  times  specified  in  the  data  sheet  must  be 
observed. 

RESET 

A  reset  is  accomplished  by  holding  the  RST 
pin  high  for  at  least  two  machine  cycles  (24 
oscillator  periods),  while  the  oscillator  is 
running.  To  insure  a  good  power-up  reset,  the 
RST  pin  must  be  high  long  enough  to  allow 
the  oscillator  time  to  start  up  (normally  a  few 
milliseconds)  plus  two  machine  cycles.  At 
power-up,  the  voltage  on  Vcc  and  RST  must 
come  up  at  the  same  time  for  a  proper 
start-up. 

IDLE  MODE 

In  idle  mode,  the  CPU  puts  itself  to  sleep 
while  all  of  the  on-chip  peripherals  stay 
active.  The  instruction  to  invoke  the  idle 
mode  is  the  last  instruction  executed  in  the 
normal  operating  mode  before  the  idle  mode 
is  activated.  The  CPU  contents,  the  on-chip 
RAM,  and  all  of  the  special  function  registers 
remain  intact  during  this  mode.  The  idle 
mode  can  be  terminated  either  by  any 
enabled  interrupt  (at  which  time  the  process 
is  picked  up  at  the  interrupt  service  routine 
and  continued),  or  by  a  hardware  reset  which 
starts  the  processor  in  the  same  manner  as  a 
power-on  reset. 


POWER-DOWN  MODE 

In  the  power-down  mode,  the  oscillator  is 
stopped  and  the  instruction  to  invoke 
power-down  is  the  last  instruction  executed. 
Only  the  contents  of  the  on-chip  RAM  are 
preserved.  A  hardware  reset  is  the  only  way 
to  terminate  the  power-down  mode,  the 
control  bits  for  the  reduced  power  modes  are 
in  the  special  function  register  PCON. 

Table  1.  External  Pin  Status 
During  Idle  and 
Power-Down  Modes 


MODE 

PortO 

Portl 

Port  2 

Idle 

Power-down 

Data 

Data 

Data 

Data 

Data 

Data 

DIFFERENCES  BETWEEN  THE 
8XC750  AND  THE  80C51 

Program  Memory 

On  the  8XC750,  program  memory  is  1024 
bytes  long  and  is  not  externally  expandable, 
so  the  80C51  instructions  MOVX,  LJMP,  and 
LCALL  are  not  implemented.  The  only  fixed 
locations  in  program  memory  are  the 
addresses  at  which  execution  is  taken  up  in 
response  to  reset  and  interrupts,  which  are 
as  follows: 

Program  Memory 
Event  Address 

Reset  000 

External  INTO  003 

Counter/timer  0  00B 

External  INTI  013 


Counter/Timer  Subsystem 

The  87C750  has  one  counter/timer  called 
timer/counter  0.  Its  operation  is  similar  to 
mode  2  operation  on  the  80C51 ,  but  is 
extended  to  16  bits  with  16  bits  of  autoload. 
The  controls  for  this  counter  are  centralized 
in  a  single  register  called  TCON. 

Interrupt  Subsystem  -  Fixed 
Priority 

The  IP  register  and  the  2-level  interrupt 
system  of  the  80C51  are  eliminated. 
Simultaneous  interrupt  conditions  are 
resolved  by  a  single-level,  fixed  priority  as 
follows: 

Highest  priority:  Pin  INTO 

Counter/timer  flag  0 
Pin  INTI 

Special  Function  Register 
Addresses 

Special  function  registers  for  the  8XC750  are 
identical  to  those  of  the  80C51 ,  except  for  the 
changes  listed  below: 

80C51  special  function  registers  riot  present 
in  the  8XC750  are  TMOD  (89),  P2  (A0)  and 
(P  (B8).  The  80C51  registers  TH1  and  TL1 
are  replaced  with  the  87C750  registers  RTH 
and  RTL  respectively  (refer  to  Table  2). 
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Table  2.  87C750  Special  Function  Registers 


SYMBOL  DESCRIPTION 


ACC*  Accumulator 

B*  B  register 

DPTR:  Data  pointer 

(2  bytes) 

DPH  High  byte 

DPL  Low  byte 


DIRECT  I 

ADDRESS  MSB 


BIT  ADDRESS,  SYMBOL,  OR  ALTERNATIVE  PORT  FUNCTION 


Interrupt  enable 


PO*#  Port  0 


PCON#  Power  control  87H 

D7  D6 

PSW*  Program  status  word  DOH  CY  AC 

SP  Stack  pointer  81 H 

8F  8E 

TCON*#  Timer/counter  control  88H  GATE  |  C/T 

TL#  Timer  low  byte  8AH 

TH#  Timer  high  byte  8CH 

RTL#  Timer  low  reload  8BH 

RTH#  Timer  high  reload  8DH 


*  SFRs  are  bit  addressable. 

#  SFRs  are  modified  from  or  added  to  the  80C51  SFRs. 


ABSOLUTE  MAXIMUM  RATINGS1-2 


PARAMETER 

RATING 

UNIT 

Storage  temperature  range 

-65  to +150 

o 

O 

Voltage  from  Vcc  to  Vgs 

-0.5  to  +6.5 

V 

Voltage  from  any  pin  to  Vss  (except  VPP) 

-0.5  to  Vcc  +  0.5 

V 

Power  dissipation 

1.0 

w 

Voltage  on  VPP  pin  to  Vss 

0  to +13.0 

V 

Maximum  Iql  per  I/O  pin 

10 

mA 

NOTES: 

1.  Stresses  above  those  listed  under  Absolute  Maximum  Ratings  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  conditions  other  than  those  described  in  the  AC  and  DC  Electrical  Characteristics  section 
of  this  specification  is  not  implied. 

2.  This  product  includes  circuitry  specifically  designed  for  the  protection  of  its  internal  devices  from  the  damaging  effects  of  excessive  static 
charge.  Nonetheless,  it  is  suggested  that  conventional  precautions  be  taken  to  avoid  applying  greater  than  the  rated  maxima. 
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DC  ELECTRICAL  CHARACTERISTICS 

Tamb  =  0°C  to  +70°C  or  -40°C  to  +85°C,  Vcc  =  5V  ±10%,  VSs  -  0V1 


'  -  TEST 

LIMITS 

SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNIT 

V|L 

Input  low  voltage 

t-O.5 

VlH 

Input  high  voltage,  except  XI,  RST 

0.2VCC+0.9 

V,H1 

Input  high  voltage,  XI,  RST 

0.7VCC 

VOL 

Output  low  voltage,  ports  1  and  3 

l0L  =  1.6mA2 

EH 

V 

VOL1 

Output  low  voltage,  port  0 

l0L  =  3.2mA2 

wBm i 

V 

VoH 

Output  high  voltage,  ports  1  and  3 

Ioh  =  -60pA 

2.4 

V 

’  ' 

■oh  =  -25pA 

0.75VCC 

V 

Ioh  =  -1°iiA 

0.9VCC 

V 

c 

Capacitance 

10 

PF 

l|L 

Logical  0  input  current,  ports  1  and  3 

..  V|N  =  0.45V 

-50 

pA 

Itl 

Logical  1  to  0  transition  current,  ports  1  and  33 

V|N  =  2V  (0  to  +70°C) 

-650 

pA 

VIN  =  2V  (-40  to  +85°C) 

-750 

pA 

lu 

Input  leakage  current,  port  0 

0.45  <  V|m  <  Vcc 

±10 

pA 

Rrst 

Internal  pull-down  resistor 

25 

175 

kn 

Qo 

Pin  capacitance 

Test  freq  =  1MHz,  - 
Tamb  =  25°C 

10 

PF 

Ipp 

Power-down  current4 

VCc  =  2  to  vcc  max 

50 

pA 

vss  =  ov 

Vpp 

Vpp  program  voltage 

VCc  =  5V±10% 

Tamb  =  21  °C  to  27°C 

El 

13.0 

V 

Ipp 

Program  current 

Vpp  =  13.0V 

50 

mA 

■cc 

Supply  current  (see  Figure  2)5- 6 

11V/  I 

1 .  Parameters  are  valid  over  operating  temperature  range  unless  otherwise  specified.  All  voltages  are  with  respect  to  VSs  unless  otherwise 
noted. 

2.  Under  steady  state  (non-transient)  conditions,  Iol  must  be  externally  limited  as  follows: 

Maximum  i0L  per  port  pin:  1 0mA  (NOTE:  This  is  85°C  spec.) 

Maximum  Iql  per  8-bit  port:  26mA 

Maximum  total  Iol  for  a11  outputs:  67mA 

If  Iql  exceeds  the  test  condition,  Vol  may  exceed  the  related  specification.  Pins  are  not  guaranteed  to  sink  current  greater  than  the  listed 
test  conditions. 

3.  Pins  of  ports  1  and  3  source  a  transition  current  when  they  are  being  externally  driven  from  1  to  0.  The  transition  current  reaches  its 
maximum  value  when  Vin  is  approximately  2V. 

4.  Power-down  Ice  is  measured  with  all  output  pins  disconnected;  port  0  =  Vcc;  X2> n-c.;  FIST  =  Vss- 

5.  Active  Ice  is  measured  with  all  output  pins  disconnected;  XI  driven  with  tcLCH.  fcHCL  =  5ns,  V|j_  =  Vgs-+  0.5V,  V|H  =  Vce  -  0.5V;  X2  n.c.; 
RST  =  port  0  =  Vcc-  Icc  wili  be  slightly  higher  if  a  crystal  oscillator  is  used. 

6.  Idle  Ice  is  measured  with  all  output  pins  disconnected;  XI  driven  with  tcLCH.  fcHCL  =  5ns,  Vjj_  =  Vss  +.  0.5V,  V(h  =  Vcc  -  0.5V;  X2  n.c.; 
port  0  =  Vccl  RST  =  Vss- 


AC  ELECTRICAL  CHARACTERISTICS 

Tamb  =  0°C  to  +70°C  or  -40°C  to  +85°C,  VCc  =  5V  ±10%,  Vss  =  0V1- 2 


VARIABLE  CLOCK 

SYMBOL 

PARAMETER 

MIN 

MAX 

MIN 

MAX 

UNIT 

1/tcLCL 

Oscillator  frequency: 

3.5 

16 

3.5 

40 

MHz 

External  Clc 

>ck  (Figure  1) 

tCHCX 

High  time 

20 

10 

ns 

fCLCX 

Low  time 

20 

10 

ns 

fCLCH 

Rise  time 

20 

20 

ns 

fCHCL 

Fall  time 

20 

20 

ns 

NOTES: 

1 .  Parameters  are  valid  over  operating  temperature  range  unless  otherwise  specified.  All  voltages  are  with  respect  to  Vss  unless  otherwise 
noted. 

2.  Load  capacitance  for  ports  =  80pF. 
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H  -  Logic  leyel  high 
L  -  Logic  level  low 
Q  -  Output  data 
T  -  Time 
V  -  Valid 

X  -  No  longer  a  valid  logic  level 
Z  -  Float 


EXPLANATION  OF  THE  AC  SYMBOL 

In  defining  the  clock  waveform,  care  must  be 
taken  not  to  exceed  the  MIN  or  MAX  limits  of 
the  AC  electrical  characteristics  table.  Each 
timing  symbol  has  five  characters.  The  first 
character  is  always  Y  (=  time).  The  other 
characters,  depending  on  their  positions, 
indicate  the  name  of  a  signal  or  the  logical 
status  of  that  signal.  The  designations  are. 

C  -  Clock 

D  -  Input  data .  .  . , 


Figure  2.  Ice  vs.  Frequency 

Maximum  lCC  values  taken  at  VCC  max  and  worst  case  temperature. 
Typical  lCc  values  taken  at  VCc  =  5-OV  and  25  C. 

Notes  5  and  6  refer  to  DC  Electrical  Characteristic. - 
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87C750  PROGRAMMING 
CONSIDERATIONS 

EPROM  Characteristics 

The  87C750  is  programmed  by  using  a 
modified  Quick-Pulse  Programming  algorithm 
similar  to  that  used  for  devices  such  as  the 
87C451  and  87C51 .  It  differs  from  these 
devices  in  that  a  serial  data  stream  is  used  to 
place  the  87C750  in  the  programming  mode. 

Figure  3  shows  a. block  diagram  of  the 
programming  configuration  for  the  87C750. 
Port  pin  P0.2  is  used  as  the  programming 
voltage  supply  input  {Vpp  signal).  Port  pin 
P0.1  is  used  as  the  program  (PGM/)  signal. 
This  pin  is  used  for  the  25  programming 
pulses. 

Port  3  is  used  as  the  address  input  for  the 
byte  to  be  programmed  and  accepts  both  the 
high  and  low  components  of  the  eleven  bit 
address.  Multiplexing  of  these  address 
components  is  performed  using  the  ASEL 
input.  The  user  should  drive  the  ASEL  input 
high  and  then  drive  port  3  with  the  high  order 
bits  of  the  address.  ASEL  should  remain  high 
for  at  least  13  clock  cycles.  ASEL  may  then 
be  driven  low  which  latches  the  high  order 
bits  of  the  address  internally,  the  high 
address  should  remain  on  port  3  for  at  least 
two  clock  cycles  after  ASEL  is  driven  low. 

Port  3  may  then  be  driven  with  the  low  byte  of 
the  address.  The  low  address  will  be 
internally  stable  13  clock  cycles  later.  The 
address  will  remain  stable  provided  that  the 
low  byte  placed  on  port  3  is  held  stable  and 
ASEL  is  kept  low.  Note:  ASEL  needs  to  be 
pulsed  high  only  to  change  the  high  byte  of 
the  address. 

Port  i  is  used  as  a  bidirectional  data  bus 
during  programming  and  verify  operations. 
During  programming  mode,  it  accepts  the 
byte  to  be  programmed.  During  verify  mode, 
it  provides  the  contents  of  the  EPROM 
location  specified  by  the  address  which  has 
been  supplied  to  Port  3. 

The  XTAL1  pin  is  the  oscillator  input  and 
receives  the  master  system  clock.  This  clock 
should  be  between  1 .2  and  6MHz. 

The  RESET  pin  is  used  to  accept  the  serial 
data  stream  that  places  the  87C750  into 
various  programming  modes.  This  pattern 
consists  of  a  10-bit  code  with  the  LSB  sent 
first.  Each  bit  is  synchronized  to  the  clock 
input,  XI . 

Programming  Operation 

Figures  4  and  5  show  the  timing  diagrams  for 
the  program/verify  cycle.  RESET  should 


initially  be  held  high  for  at  least  two  machine 
cycles.  P0.1  (PGM/)  and  P0.2  (VPP)  will  be  at 
Voh  as  a  result  of  the  RESET  operation.  At 
this  point,  these  pins  function  as  normal 
quasi-bidirectional  I/O  ports  and  the 
programming  equipment  may  pull  these  lines 
low.  However,  prior  to  sending  the  10-bit  code 
on  the  RESET  pin,  the  programming 
equipment  should  drive  these  pins  high  (V|H). 
The  RESET  pin  may  now  be  used  as  the 
serial  data  input  for  the  data  stream  which 
places  the  87C750  in  the  programming 
mode.  Data  bits  are  sampled  during  the  clock 
high  time  and  thus  should  only  change  during 
the  time  that  the  clock  is  low.  Following 
transmission  of  the  last  data  bit,  the  RESET 
pin  should  be  held  low. 

Next  the  address  information  for  the  location 
to  be  programmed  is  placed  on  port  3  and 
ASEL  is  used  to  perform  the  address 
multiplexing,  as  previously  described.  At  this 
time,  port  1  functions  as  an  output. 

A  high  voltage  VPP  level  is  then  applied  to  the 
VPP  input  (P0.2),  (This  sets  Port  1  as  an  input 
port).  The  data  to  be  programmed  into  the 
EPROM  array  is  then  placed  on  Port  1.  This 
is  followed  by  a  series  of  programming  pulses 
applied  to  the  PGM/  pin  (P0.1).  These  pulses 
are  created  by  driving  P0.1  low  and  then 
high.  This  pulse  is  repeated  until  a  total  of  25 
programming  pulses  have  occurred.  At  the 
conclusion  of  the  last  pulse,  the  PGM/  signal 
should  remain  high. 

The  VPP  signal  may  now  be  driven  to  the 
Voh  level,  placing  the  87C750  in  the  verify 
mode.  (Port  1  is  now  used  as  an  output  port). 
After  four  machine  cycles  (48  clock  periods), 
the  contents  of  the  addressed  location  in  the 
EPROM  array  will  appear  on  Port  1 . 

The  next  programming  cycle  may  now  be 
initiated  by  placing  the  address  information  at 
the  inputs  of  the  multiplexed  buffers,  driving 
the  VPP  pin  to  the  VPP  voltage  level, 
providing  the  byte  to  be  programmed  to  Portl 
and  issuing  the  26  programming  pulses  on 
the  PGM/  pin,  bringing  VPP  back  down  to  the 
Vc  level  and  verifying  the  byte. 

Programming  Modes 

The  87C750  has  four  programming  features 
incorporated  within  its  EPROM  array.  These 
include  the  USER  EPROM  for  storage  of  the 
application’s  code,  a  1 6-byte  encryption  key 
array  and  two  security  bits.  Programming  and 
verification  of  these  four  elements  are 
selected  by  a  combination  of  the  serial  data 
stream  applied  to  the  RESET  pin  and  the 
voltage  levels  applied  to  port  pins  P0.1  and 


P0.2.  The  various  combinations  are  shown  in 
Table  3. 

Encryption  Key  Table 

The  87C750  includes  a  16-byte  EPROM 
array  that  is  programmable  by  the  end  user. 
The  contents  of  this  array  can  then  be  used 
to  encrypt  the  program  memory  contents 
during  a  program  memory  verify  operation. 
When  a  program  memory  verify  operation  is 
performed,  the  contents  of  the  program 
memory  location  is  XNOR’ed  with  one  of  the 
bytes  in  the  1 6-byte  encryption  table.  The 
resulting  data  pattern  is  then  provided  to  port 
1  as  the  verify  data.  The  encryption  • 
mechanism  can  be  disable,  in  essence,  by 
leaving  the  bytes  in  the  encryption  table  in 
their  erased  state  (FFH)  since  the  XNOR 
product  of  a  bit  with  a  logical  one  will  result  in 
the  original  bit.  The  encryption  bytes  are 
mapped  with  the  code  memory  in  1 6-byte 
groups,  the  first  byte  in  code  memory  will  be 
encrypted  with  the  first  byte  in  the  encryption 
table;  the  second  byte  in  code  memory  will  be 
encrypted  with  the  second  byte  in  the 
encryption  table  and  so  forth  up  to  and 
including  the  16the  byte.  The  encryption 
repeats  in  1 6-byte  groups;  the  1 7th  byte  in 
the  code  memory  will  be  encrypted  with  the 
first  byte  in  the  encryption  table,  and  so  forth. 

SecurityBits 

Two  security  bits,  security  bit  1  and  security 
bit  2,  are  provided  to  limit  access  to  the 
USER  EPROM  and  encryption  key  arrays. 
Security  bit  1  is  the  program  inhibit  bit,  and 
once  programmed  performs  the  following 
functions: 

1 .  Additional  programming  of  the  USER 
EPROM  is  inhibited. 

2.  Additional  programming  of  the  encryption 
key  is  inhibited. 

3.  Verification  of  the  encryption  key  is 
inhibited. 

4.  Verification  of  the  USER  EPROM  and  the 
security  bit  levels  may  still  be  performed. 

(If  the  encryption  key  array  is  being  used,  this 
security  bit  should  be  programmed  by  the 
user  to  prevent  unauthorized  parties  from 
reprogramming  the  encryption  key  to  all 
logical  zero  bits.  Such  programming  would 
provide  data  during  a  verify  cycle  that  is  the 
logical  complement  of  the  USER  EPROM 
contents). 

Security  bit  2,  the  verify  inhibit  bit,  prevents 
verification  of  both  the  USER  EPROM  array 
and  the  encryption  key  arrays.  The  security 
bit  levels  may  still  be  verified. 


February  11, 1994 


1013 


Product  specification 


CMOS  single-chip  8-bit  microcontrollers 


83C750/87C750 


Programming  and  Verifying 
Security  Bits 

Security  bits  are  programmed  employing  the 
same  techniques  used  to  program  the  USER 
EPROM  and  KEY  arrays  using  serial  data  , 
streams  and  logic  levels  on  port  pins 
indicated  in  Table  3.  When  programming 
either  security  bit,  it  is  not  necessary  to ...... 

provide  address  or  data  information  to  the 
87C750  on  ports  1  and  3. 

Verification  occurs  in  a  similar  manner  using 
the  RESET  serial  stream  shown  in  Table  3. 
Port  3  is  not  required  to  be  driven  and  the 
results  of  the  verify  operation  will  appear  on 
ports  1.6  and  1.7. 


Ports  1 .7  contains  the  security  bit  1  data  and 
is  a  logical  one  if  programmed  and  a  logical 
zero  if  erased.  Likewise,  PI  .6  contains  the 
security  bit  2  data  and  is  a  logical  one  if 
programmed  and  a  logical  zero  if  erased. 

Erasure  Characteristics 

Erasure  of  the  EPROM  begins  to  occur  when 
the  chip  is  exposed  to  light  with  wavelengths 
shorter  than  approximately  4,000  angstroms. 
Since  sunlight  and  fluorescent  lighting  have 
wavelengths  in  this  range,  exposure  to  these 
light  sources  over  an  extended  time  (about  1 
week  in  sunlight,  or  3  years  in  room  level 
fluorescent  lighting)  could  cause  inadvertent 


erasure.  For  this  and  secondary  effects,  it 
is  recommended  that  an  opaque  label  be 
placed  over  the  window.  For  elevated 
temperature  or  environments  where  solvents 
are  being  used,  apply  Kapton  tape  Flourtess 
part  number  2345-5  or  equivalent. 

The  recommended  erasure  procedure  is 
exposure  to  ultraviolet  light  (at  2537 
angstroms)  to  an  integrated  dose  of  at  least 
15W-s/cm2.  Exposing  the  EPROM  to  an 
ultraviolet  lamp  of  12,OOOpW/cm2  rating  for 
20  to  39  minutes,  at  a  distance  of  about 
1  inch,  should  be  sufficient. 

Erasure  leaves  the  array  in  an  all  Is  state. 


Table  3.  Implementing  Program/Verify  Modes 

pn  i  fPGM/i 

P0.2  (Vpp) 

OPERATION 

Program  user  EPROM 

Verify  user  EPROM 

Program  key  EPROM 

Verify  key  EPROM 

Program  security  bit  1 

Program  security  bit  2 

Varifu  cer.liritV  bits  -  • 

SERIAL  CODE 

:  296H 

296H 

292H 

292H 

29AH 

298H 

29AH 

ru.  i  witu / 

_1 

VlH 

_1 

V|H 

_i 

V|H 

Vpp 
.  V|H 

Vpp 

V|H 

Vpp 

Vpp 

VlH 

1  L - - — - - — - — : — 

rtvit.  . . 

1 .  Pulsed  from  V,H  to  V1L  and  returned  to  V,H. 


EPROM  PROGRAMMING  AND  VERIFICATION 


Tamb  =  21°C  tO  + 

SYMBOL 

27°C,  Vcc  =  5V  +1 0%,  Vgs  =  UV 

PARAMETER 

MIN 

MAX 

UNIT 

Oscillator/clock  frequency 

1.2 

6 

MHz 

Address  setup  to  P0.1  (PROG-)  low 

1 0ps  +  24tcixL 

Address  hold  after  P0.1  (PROG-)  high 

48tcLCL 

Data  setup  to  P0.1  (PROG-)  low 

38tcLCL 

Data  setup  to  P0.1  (PROG-)  low 

38tcLCL 

Data  hold  after  P0.1  (PROG-)  high 

36tcLCL 

Vpp  setup  to  P0.1  (PROG-)  low 

10 

ps 

Vpp  hold  after  P0.1  (PROG-) 

10 

ps 

P0.1  (PROG-)  width 

90 

110 

ps 

Vpp  low  (Vcc)  to  data  valid 

48tcLCL 

P0.1  (PROG-)  high  to  P0.1  (PROG-)  low 

10 

ps 

PO.O  (svnc  pulse)  low 

4tcLCL 

PO.O  (sync  pulse)  high 

8tCLCL 

ASEL  hiqh  time 

13tcLCL 

Address  hold  time 

2tcLCL 

Address  setup  to  ASEL 

13tcLCL 

Ihaset 

tADSTA 

Low  address  to  valid  data 

48tCLCL 

^Address  should  be  valid  at  least  24tci_CL  before  the  rising  edge  of  P0.2  (Vppl_  . 

2.  For  a  pure  verify  mode,  i.e.,  no  program  mode  in  between,  tAvov  is  14tCLCL  maximum. 
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PO.i  (PBM) 


|*"  <SHGL 

25  PULSES 

tGLGH^*  *j  H  K  'GHGL 
98ns  MIN  lOpsMIN 


H  h 


PO.O  (ASEL) 


HIGH  ADDRESS  J/i, 

INVALID  DATA 

-  VERIFY  MODE  ' 


1^  LOW  ADDRESS 

- 

H  ,adsta 

J*~*j  'DVGL  IGHDX^ 

M  ,,  . — V  , 

•AVQV  * 

t  v  / - - 

^  VALID  DATA  y\  DATA  TO  BE  PROGRAMMED 
- - - -  PROGRAM  MODE  - 

Figure  5.  Program/Verify  Cycle 


INVALID  DATA  VALID  DATA 

- VERIFY  MODE  - 
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80C51  FAMILY  INSTRUCTION  SET 


Table  7.  80C51  Instruction  Set  Summary _ _ _ 

- -  “  Interrupt  Response  Time:  Refer  to  Hardware  Description  Chapter. 

Instructions  that  Affect  Flag  Settings!1) 


Instruction 


ADD 

AD  DC 

SUBB 

MUL 

DIV 

DA 

RRC 

RLC 

SETBC 


OV  AC 
X  X 


Instruction 

CLRC 
CPLC 
ANL  C.bit 
ANL  C  ,/bit 
ANL  C.bit 
ORL  C,/bit 
MOV  C.bit 
CJNE 


Flag 
OV  AC 


(iJNote  that  operations  on  SFR  byte  address  208  or  bit  addresses  209-215  (i.e.,  the  PSW  or  bits  in  the  PSW)  will  also  affect  flag  settings. 

Notes  on  instruction  set  and  addressing  modes: 

Rn  Register  R7-R0  of  the  currently  selected  Register  Bank. 

direct  8-bit  internal  data  location’s  address.  This  could  be  an  Internal  Data  RAM  location  (0-127)  or  a  SFR  [i.e.,  I/O  port, 
control  register,  status  register,  etc.  (128-255)]. 

@  Ri  8-bit  internal  data  RAM  location  (0-255)  addressed  indirectly  through  register  R1  or  R0. 

#data  8-bit  constant  included  in  the  instruction. 

#data  16  1 6-bit  constant  included  in  the  instruction 

addr  1 6  1 6-bit  destination  address.  Used  by  LCALL  and  LJMP.  A  branch  can  be  anywhere  within  the  64k-byte  Program 

Memory  address  space. 

addr  11  11-bit  destination  address.  Used  by  ACALL  and  AJMP.  The  branch  will  be  within  the  same  2k-byte  page  of 
program  memory  as  the  first  byte  of  the  following  instruction. 

rel  Signed  (two’s  complement)  8-bit  offset  byte.  Used  by  SJMP  and  all  conditional  jumps.  Range  is  -1 28  to  +1 27 

bytes  relative  to  first  byte  of  the  following  instruction. 

bit  Direct  Addressed  bit  in  Internal  Data  RAM  or  Special  Functior^Register _ ■ 


MNEMONIC 

DESCRIPTION 

BYTE 

OSCILLATOR 

PERIOD 

ARITHMETIC  OPERATIONS 

ADD  A,Rn 

Add  register  to  Accumulator 

1 

12 

ADD 

A, direct 

Add  direct  byte  to  Accumulator 

2 

12 

ADD 

A,  @  Ri 

Add  indirect  RAM  to  Accumulator 

1 

12 

ADD 

A,#data 

Add  immediate  data  to  Accumulator 

2 

12 

ADDC 

A,Rn 

Add  register  to  Accumulator  with  carry 

1 

12 

ADDC 

A, direct 

Add  direct  byte  to  Accumulator  with  carry 

2 

12 

ADDC 

A,@Ri 

Add  indirect  RAM  to  Accumulator  with  carry 

1 

12 

ADDC 

A,#data 

Add  immediate  data  to  Acc  with  carry 

2 

12 

SUBB 

A,Rn 

Subtract  Register  from  Acc  with  borrow 

1 

12 

SUBB 

A, direct 

Subtract  direct  byte  from  Acc  borrow 

2 

12 

SUBB 

A,@Ri 

Subtract  indirect  RAM  from  Acc  with  borrow 

1 

12 

SUBB 

A,#data 

Subtract  immediate  data  from  Acc  wi1h  borrow 

2 

12 

INC 

A 

Increment  Accumulator 

1 

12 

INC 

Rn 

Increment  register 

1 

12 

All  mnemonics  copyrighted  ©  Intel  Corporation  1980 
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Table  7.  80C51  Instruction  Set  Summary  (Continued) 

MNEMONIC  _ DESCRIPTI0N 

ARITHMETIC  OPERATIONS  (Continued) 

!NC  direct  Increment  direct  byte 

INC  ®  Ri  Increment  indirect  RAM 

DEC  A  Decrement  Accumulator 

DEC  Rn  Decrement  Register 

DEC  direct  Decrement  direct  byte 

DEC  @Ri  Decrement  indirect  RAM 

INC  DPTR  Increment  Data  Pointer 

MUL  AB  Multiply  A  and  B 

DIV  AB  Divide  A  by  B 

A  Decimal  Adjust  Accumulator 


80C51  family  programmer’s  guide 
and  instruction  set 


LOGICAL  OPERATIONS 


ANL 

A,Rn 

ANL 

A, direct 

ANL 

A,@Ri 

ANL 

A,#data 

ANL 

direct, A 

ANL 

direct, #data 

ORL 

A,Rn 

ORL 

A, direct 

ORL 

A,@Ri 

ORL 

A,#data 

ORL 

direct,  A 

ORL 

direct,  #data 

XRL 

A,Rn 

XRL 

A, direct 

XRL 

A,@Ri 

XRL 

A,#data 

XRL 

direct, A 

XRL 

direct, #data 

CLR 

A 

CPL 

A 

RL 

A 

RLC 

A 

RR 

A 

RRC 

A 

SWAP 

A 

DATA  TRANSFER 

MOV 

A,Rn 

MOV 

A, direct 

MOV 

A,@Ri 

AND  Register  to  Accumulator 

AN  D  direct  byte  to  Accumulator 

AND  indirect  RAM  to  Accumulator 

AND  immediate  data  to  Accumulator 

AND  Accumulator  to  direct  byte 

AND  immediate  data  to  direct  byte 

OR  register  to  Accumulator 

OR  direct  byte  to  Accumulator 

OR  indirect  RAM  to  Accumulator 

OR  immediate  data  to  Accumulator 

OR  Accumulator  to  direct  byte 

OR  immediate  data  to  direct  byte 

Exclusive-OR  register  to  Accumulator 

Exclusive-OR  direct  byte  to  Accumulator 

Exclusive-OR  indirect  RAM  to  Accumulator 

Exclusive-OR  immediate  data  to  Accumulator 

Exclusive-OR  Accumulator  to  direct  byte 

Exclusive-OR  immediate  data  to  direct  byte 

Clear  Accumulator 

Complement  Accumulator 

Rotate  Accumulator  left 

Rotate  Accumulator  left  through  the  carry 

Rotate  Accumulator  right 

Rotate  Accumulator  right  through  the  carry 

Swap  nibbles  within  the  Accumulator 

Move  register  to  Accumulator 

Move  direct  byte  to  Accumulator 

Move  indirect  RAM  to  Accumulator _ 


OSCILLATOR 

PERIOD 
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Table  7.  80C51  Instruction  Set  Summary  (Continued) 


MNEMONIC 

DATA  TRANSFER  (Continued) 
MOV  A,#data 

MOV  Rn.A 

MOV  Rn, direct 

MOV  RN,#data 

MOV  direct, A 

MOV  direct,  Rn 

MOV  direct, direct 

MOV  direct,  @Ri 

MOV  direct, #data 

MOV  @Ri,A 

MOV  @Ri, direct 

MOV  @Ri,#data 

MOV  DPTR,#data16 

MOVC  A,@A+DPTR 

MOVC  A,@A+PC 

MOVX 
MOVX 
MOVX 
MOVX 
PUSH 
POP 
XCH 
XCH 
XCH 
XCHD 


A,@Ri 

A.ODPTR 

A,@Ri,A 

@  DPTR.A 

direct 

direct 

A,Rn 

A, direct 

A,@Ri 

A,@Ri 


BOOLEAN  VARIABLE  MANIPULATION 


CLR 

C 

CLR 

bit 

SETB 

C 

SETB 

bit 

CPL 

C 

CPL 

bit 

ANL 

C.bit 

ANL 

C,/bit 

ORL 

C.bit 

ORL 

C,/bit 

MOV 

C.bit 

MOV 

bit,C 

JC 

rel 

JNC 

rel 

DESCRIPTION 

Move  immediate  data  to  Accumulator 
Move  Accumulator  to  register 
Move  direct  byte  to  register 
Move  immediate  data  to  register 
Move  Accumulator  to  direct  byte 
Move  register  to  direct  byte 
Move  direct  byte  to  direct 
Move  indirect  RAM  to  direct  byte 
Move  immediate  data  to  direct  byte 
Move  Accumulator  to  indirect  RAM 
Move  direct  byte  to  indirect  RAM 
Move  immediate  data  to  indirect  RAM 
Load  Data  Pointer  with  a  16-bit  constant 
Move  Code  byte  relative  to  DPTR  to  Acc 
Move  Code  byte  relative  to  PC  to  Acc 
Move  external  RAM  (8-bit  addr)  to  Acc 
Move  external  RAM  (16-bit  addr)  to  ACc 
Move  Acc to  external  RAM  (8-bit  addr) 

Move  Acc  to  external  RAM  (16-bit  addr) 

Push  direct  byte  onto  stack 
Pop  direct  byte  from  stack 
Exchange  register  with  Accumulator 
Exchange  direct  byte  with  Accumulator 
Exchange  indirect  RAM  with  Accumulator 
Exchange  low-order  digit  indirect  RAM  with  Acc 
M 

Clear  carry 

Clear  direct  bit 

Set  carry 

Set  direct  bit 

Complement  carry 

Complement  direct  bit 

AND  direct  bit  to  carry 

AND  complement  of  direct  bit  to  carry 

OR  direct  bit  to  carry 

OR  complement  of  direct  bit  to  carry 

Move  direct  bit  to  carry 

Move  carry  to  direct  bit 

Jump  if  carry  is  set 

Jump  if  carry  not  set _ _ 


OSCILLATOR 

PERIOD 
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table  7.  80C51  Instruction  Set  Summary  (Continued) — 

I - -  ~~Z  description 

;  MNEMONIC  _ _ _ . 


300LEAN  VARIABLE  MANIP 

JB 

rel 

JNB 

rel 

JBC 

bit, rel 

PROGRAM  BRANCHING 

ACALL 

addrll 

LCALL 

addr16 

RET 

RETI 

AJMP 

addrll 

LJMP 

addrl  6 

SJMP 

rel 

JMP 

©A+DPTR 

JZ 

rel 

JNZ 

rel 

CJNE 

A, direct, rel 

CJNE 

A,#data,rel 

CJNE 

RN,#data,rel 

CJNE 

@Ri,#data,rel 

DJNZ 

Rn.rel 

DJNZ 

direct,  rel 

NOP 

Jump  if  direct  bit  is  set 

Jump  if  direct  bit  is  not  set 

Jump  if  direct  bit  is  set  and  clear  bit 

Absolute  subroutine  call 
Long  subroutine  call 
Return  from  subroutine 
Return  from  interrupt 
Absolute  jump 
Long  jump 

Short  jump  (relative  addr) 

Jump  indirect  relative  to  the  DPTR 

Jump  if  Accumulator  is  zero 

Jump  if  Accumulator  is  not  zero 

Compare  direct  byte  to  ACC  and  jump  if  not  equal 

Compare  immediate  to  Acc  and  jump  if  not  equal 

Compare  immediate  to  register  and  jump  if  not 

equal 

Compare  immediate  to  indirect  and  jump  if  not 
equal 

Decrement  register  and  jump  if  not  zero 
Decrement  direct  byte  and  jump  if  not  zero 
No  operation _ _ _ _  — 


OSCILLATOR 

PERIOD 


i _ II _ i 
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Precision,  Quad,  SPDT,  CMOS  Analog  Switch 


_ General  Description 

The  MAX333A  is  a  precision,  quad,  single-pole  double-throw 
(SPDT)  analog  switch.  The  four  independent  switches  oper¬ 
ate  with  bipolar  supplies  ranging  from  ±4.5V  to±20V,  or  with 
a  singie-ended  supply  between  +10V  and  +30V.  The 
MAX333A  offers  low  on  resistance  (less  than  35Q),  guaran¬ 
teed  to  match  within  2Q  between  channels  and  to  remain  fiat 
over  the  full  analog  signal  range  (A3£l  max).  It  also  offers 
break-before-make  switching  (10ns  typical),  with  turn-off 
times  less  than  145ns  and  tum-on  times  less  than  175ns. 
The  MAX333A  is  ideal  for  portable  operation  since  quiescent 
current  runs  less  than  IpA  with  all  inputs  high  or  low. 

This  monolithic,  quad  switch  is  fabricated  with  Maxim’s 
new  improved  silicon-gate  process.  Design  improvements 
guarantee  extremely  low  charge  injection  (10pC),  low 
power  consumption  (35pW),  and  electrostatic  discharge 
(ESD)  greater  than  2000V. 

Logic  inputs  are  TTL-  and  CMOS-compatible  and  guaran¬ 
teed  over  a  +0.8V  to  +2.4V  range,  regardless  of  supply 
voltage.  Logic  inputs  and  switched  analog  signals  can 
range  anywhere  between  the  supply  voltages  without  dam¬ 
age.  This  upgraded  part  is  a  replacement  for  a 
DG211/DG212  pair  when  used  as  a  quad  SPDT  switch,  or 
Wo  DG403  dual  SPDT  switches. 

_ Applications 

Test  Equipment 
Communications  Systems 
PBX,  PABX 
Heads-Up  Displays 
Portable  Instruments 


_ _ _ Features 

♦  Upgraded  Replacement  lor  a  DG211/DG212  Pair 
or  Two  DG4G3* 

4  Low  On  Resistance  <  220  Typical  (350  Max) 

♦  Guaranteed  Matched  On  Resistance  Between 
Channels  <20 

♦  Guaranteed  Flat  On  Resistance  over  Full  Analog 
Signal  Range  A30  Max 

♦  Guaranteed  Charge  Injection  <10pC 

♦  Guaranteed  Off-Channel  Leakage  <  6nA  at  +85°C 
4  ESD  Guaranteed  >  2000V  per  Method  3015.7 

♦  Single-Supply  Operation  (+10V  to  +30V) 
Bipolar-Supply  Operation  (±4.5V  to  ±20V) 

♦  TTL-/CMOS-Logic  Compatibility 

♦  Rail-to-Rail  Analog  Signal  Handling  Capability 

_ : _ Ordering  Information 


PART 

TEMP.  RANGE 

PIN-PACKA 

MAX333ACPP 

0*C  to  +70°C 

20  Plastic  DIP 

MAX333ACWP 

0°C  to  +70°C 

20  Wide  SO 

MAX333AC/D 

0-C  to  +70°C 

Dice* 

MAX333AEPP 

-40  °C  to  +85  “C 

20  Plastic  DIP 

MAX333AEWP 

-40*C  to  +85°C 

20  Wide  SO 

MAX333AMJP 

-55°Cto+125°C 

20  CERDIP 

Contact  factory  for  dice  specifications. 

_ Typical  Operating  Circuit 


/M>lXlyVI  _ Maxim  Integrated  Products  1-17 

Call  toll  free  1-800-998-8800  for  free  samples  or  literature. 


MAX333A 


DG444/445  &tSSg&~  -  I  &  f~ated  DG444/445 

Monolithic  Quad  SPST  I  functional  block  diagram  pin  configuration 
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CHARGE  INJECTION  TEST  CIRCUIT  _  CROSSTALK  TEST  CIRCUIT 


Preliminary  Preliminary 


LM199/LM299/LM399 


National 

Semiconductor 


Voltage  References 


LM199/LM299/LM399  Precision  Reference 


General  Description 

The  LM199/LM299/LM399  are  precision,  temperature- 
stabilized  monolithic-  zeners  offering  temperature 
coefficients  a  factor  ,  of  ten  better  than  high  quality 
reference  zeners.  Constructed  on  a  single  monolithic 
chip  is  a  temperature  stabilizer  circuit  and  an  active 
reference  zener.  The  active  circuitry  reduces  the  dynamic 
impedance  of  the  zener  to  about  0.5S2  and  allows  the 
zener  to  operate  over  0.5  mA  to  10  mA  current  range 
with  essentially  no  change  in  voltage  or  temperature 
coefficient.  Further,  a  new,  subsurface  zener  structure 
gives  low  noise  and  excellent  long  term  stability  com¬ 
pared  to  ordinary  monolithic  zeners.  The  package  is 
supplied  with  a  thermal  shield  to  minimize  heater  power 
and  improve  temperature  regulation. 

The  LM199  series  references  are  exceptionally  easy  to 
use  and  free  of  the  problems  that  are  often  experienced 
with  ordinary  zeners.  There  is  virtually  no  hysteresis  in 
reference  voltage  with  temperature  cycling.  Also,  the 
LM199  is  free  of  voltage  shifts  due  to  stress  on  the  leads. 
Finally,  since  the  unit  is  temperature  stabilized,  warm  up 
time  is  fast. 

The  LM199  can  be  used  in  almost  any  application  in 
place  of  ordinary  zeners  with  improved  performance. 
Some  ideal  applications  are  analog  to  digital  converters. 


calibration  standards,  precision  voltage  or  current  sources 
or  precision  power  supplies.  Further  in  many  cases  the 
LM199  can  replace  references  in  existing  equipment 
with  a  minimum  of  wiring  changes. 

The  LM199  series  devices  are  packaged  in  a  standard 
hermetic  TO-46  package  inside  a  thermal  shield.  The 
LM199  is  rated  for  operation  from  — 55°C  to  +125°C 
while  the  LM299  is  rated  for  operation  from  ~25°C  to 
+85°C  and  the  LM399  is  rated  from  0°C  to  +70°C. 


Features 

■  Guaranteed  0.0001  %/° C  temperature  coefficient 

■  Low  dynamic  impedance  —  0.5S2 

■  Initial  tolerance  on  breakdown  voltage  -  2% 

■  Sharp  breakdown  at  400/iA 

■  Wide  operating  current  —  500/tA  to  10  mA 

■  Wide  supply  range  for  temperature  stabilizer 

■  Guaranteed  low  noise 

■  Low  power  for  stabilization  -  300  mW  at  25°C 

■  Long  term  stability  —  20  ppm 


Schematic  Diagrams 


Temperature  Stabilizer 


Connection  Diagram 


Metal  Can  Package 


Functional  Block  Diagram 
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Order  Number  LM199H,  LM299H 

|  JL  ^ 

f  i 

i 

or  LM399H 

— M— 

• 

>  i 

See  NS  Package  H04D 
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^’solute  Maximum  Ratings 

T  mperature  Stabilizer  Voltage  . 

Reverse  Breakdown  Current 

forward  Current 

Reference  to  Substrate  Voltage  V(RS)  (Note  1) 

Operating, Temperature  Range 

LM199  , 

LM299 

LM399 

Storage  Temperature  Range 

Lead  Temperature  (Soldering,  10  seconds) 


40V 
20  mA 
1  mA 
40V 
:  -0.1V 

-55° C  to  +125°C 
-25°C  to  +85°C 
0°C  to  +70°C 
-55° C  to  +150°C 
300°C 


Electrical  Characteristics 


(Note  2) 


parameter 

CONDITIONS 

LM199/LM299 

LM399 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse  Breakdown  Voltage 

0.5  m  A  <  1  r  .<  1 0  m  A 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse  Breakdown  Voltage 

0.5  mA<l<10mA 

6 

9 

6 

12 

mV 

Change  With  Current 

Reverse  Dynamic  1  impedance 

lR  =  1  mA 

0.5 

1 

0.5 

1.5 

,  n 

Reverse  Breakdown 

-55°C  <  TA  <  85°C  ' 

LM199 

0.00003 

0.0001 

%/°c 

Temperature  Coefficient 

85°  C  <  Ta  <  125°C 

0.0005 

0.0015 

%/°c 

j 

— 25°C  <  TA  <  85°C 

LM299 

0.00003 

0.0001 

%/°c 

0°C  <  Ta  <  70° C 

LM399 

0.00003 

0.0002 

%/°c 

RMS  Noise 

10  Hz  <f<  10  kHz 

7 

20 

7 

50 

AV 

Long  Term  Stability 

Stabilized,  22°C  <  TA 

<  28°C, 

20 

20 

ppm 

1000  Hours,  l„  =  1  mA  ±0.1% 

Temperature  Stabilizer 

Ta  =  25°C,  Still  Air,  V 

s  =  30V 

8.5 

14  , 

8.5 

15 

mA 

Supply  Current 

Ta  =  -55°C 

22 

28 

Temperature  Stabilizer 

(Note  3) 

9 

40 

9 

40 

V 

Supply  Voltage 

Warm-Up  Time  to  0.05% 

Vs  =  30V,  Ta  =  25°C 

3 

3 

Seconds 

Initial  Turn-on  Current 

9<  Vs  <40,  Ta  =  25 

cC.  (Note  3} 

140 

200 

140 

200 

_ 

mA 

1:  The  substrate  is  electrically  connected  to  the  negative  terminal  of  the  temperature  stabilizer.  The  voltage  that  can  be  applied  to  either 
••""inal  of  the  reference  is  40V  more  positive  or  0.1V  more  negative  than  the  substrate. 

2:  These  specifications  apply  for  30V  applied  to  the  temperature  stabilizer  and  --55  C  <  <  +125  C  for  the  LM199,  —25  C  <  <  +85  C 

**  ***  LM299  and  0°C  <  TA  <  +70“  C  for  the  LM399. 

**•*•3:  This  initial  current  can  be  reduced  by  adding  an  appropriate  resistor  and  capacitor  to  the  heater  circuit.  See  the  performance  characteristic 
to  determine  values. 
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LM199/LM299/LM399 
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LM199/LM299/LM399 
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TYPES  SN5490A,  SN5492A,  SN5493A, 

SNWIS90,  SNMU92, 

DECADE,  DIVIDE-BY-TWELVE,  AND  BINARY  COUNTERS 


BULLETIN  NO.  DL-S  7611807,  MARCH  1 974-RE V IS6D_OCTOBERJ976^ 


‘90A,  ‘LS90... DECADE  COUNTERS 

‘92A,  ‘LS92... DIVIDE- BY-TWELVE 
COUNTERS 

‘93A,  ‘LS93.. .4-BIT  BINARY 
COUNTERS 


TYPICAL 

TYPES  POWER  DISSIPATION 
•90A  145  mW 

'LS90  45  mW 

‘92A, '93A  130  mW 

•LS92,  ‘LS93  45  mW 


description 

Each  of  these  monolithic  counters  contains  four 
master-slave  flip-flops  and  additional  gating  to 
provide  a  divide-by-two  counter  and  a  three-stage 
binary  counter  for  which  the  count  cycle  length  is 
divide-by-five  for  the  ‘90A  and  ‘LS90,  divide-by-six  for 
the  ‘92A  and  ‘LS92,  and  divide-by-eight  for  the  ‘93A 
and  ‘LS93. 

All  of  these  counters  have  a  gated  zero  reset  and  the 
*90A-and  ‘LS90  also  have  gated  set-to-nine  inputs 
for  use  in  BCD  nine’s  complement  applications. 

To  use  their  maximum  count  length  (decade,  divide- 
by-twelve,  or  four-bit  binary)  of  these  counters,  the  B 
input  is  connected  to  the  Qa  output.  The  input 
count  pulses  are  applied  to  input  A  and  the  outputs 
are  as  described  in  the  appropriate  function  table.  A 
symmetrical  divide-by-ten  count  can  be  obtained 
from  the  ‘90A  or  ‘LS90  counters  by  connecting  the 
Qq  output  to  the  A  input  and  applying  the  input  count 
to  the  B  input  which  gives  a  divide-by-ten  square  wave 
at  output  Qa- 


SN54’,  SN54LS’ . . .  J  OR  W  PACKAGE 
SN54’,  SN74LS’ ...  J  OR  N  PACKAGE 

‘90A/LS90  (TOP  VIEW) 
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positive  logic:  see  function  tables 

'92A/LS92,  (TOP  VIEW) 
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positive  logic:  see  function  tables 

Texas  Instruments 
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■  J  and  K  inputs  shown  without  connaction  are  lor  raferanca  only  and  are  functionally  at  a  hiBh  level 
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Fairchild  Imaging  Semors 


CCD442A 

2046  x  2048  Element 
Full  Frame  Image  Sensor 


features 

■  2048  x  2048  Photosita  Array 

■  IS/un  x  Pixel 

■  30.72mm  x  30.72mm  Image  Area 

■  Near  100%  FIJI  Factor 

a  Multl-PInned  Phaaa  (MPP)  Option 

■  Readout  Noise  Less  Than  7  Electrons  at  250k 
pixels/ sec 

■  Dynamic  Range  10000:1 

a  Three  Phase  Burled  Channel  NMOS 

GENERAL  DESCRIPTION 

The  CCD442A  is  a  2048  x  2048  element  $0lW  state  Ohafg® 
Coupled  Device  (CCD)  Full  Frame  area  image  senaoi  which 
is  intended  for  use  in  high  resolution  scientific,  industrial,  end 
commercial  electro-optical  systems.  The  CCD442A  1 5  orga¬ 
nized  as  a  matrix  array  of  2048  horizontal  by  204B  vertlc  si  CCD 
photosites.  The  pixel  pitch  and  spacing  is  I5*«m.  H*  jwj 
reference  the  top  and  bottom  eight  rows  and  the  left  ai  r*0”1 
eight  columns  are  covered  by  a  light  shield.  The  a'  suable 
imaging  area  is  thus  2032  rows  by  2032  columns. 

The  imaging  array  may  be  operated  in  one  of  three  nodes. 
Buried  Channel  or  Multi-Pinned  Phase  (MPP).  The  Buried 
Channel  operation  offers  low  noise  performance  and  e  (cellent 
charge  transfer  efficiencies.  An  additional  implant  under  one 
vertical  phase  creates  a  virtual  well  which  collects  th<  photo¬ 
electrons  with  all  Vertical  clocks  low  during  integration.  This 
MPP  mode  decreases  dark  current  down  to  25  pA/cm*  <g> 
25 ®C.  Excellent  low  noise  performance  is  achieved  by  use  of 
the  buried  channel  CCD  structure  and  a  dual  stage  low  noise 
output  amplifier  with  an  output  conversion  of  3^V/e 
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Oevice  processing  Is  done  using  2.5  micron'destgn  rules.  The 
Single  metal,  triple-poly  process  allows  a  photoslte  layout  with 
Smaller  pixel  geometries  and  fewer  array  blemishes. 

FUNCTIONAL  DESCRIPTION 

The  CCD442A  consists  of  the  following  functional  elements 
illustrated  In  the  block  diagram. 

Image  Sensing  Elements:  Incident  photons  pass  through 
a  transparent  polycrystalline  silicon  gate  structure  creating 
electron  hole  pairs.  The  resulting  photo-electrons  are  col¬ 
lected  in  the  photos'itea  during  the  integration  period.  The 
amount  of  charge  accumulated  in  each  photosite  is  a  linear 
function  of  the  localized  incident  illumination  intensity  and 
Integration  period. 


PIN  NUMBER/NAME 


1 

NC 

20 

0  V2o 

2 

NC 

21 

eviu 

3 

Vss 

22 

Vss 

4 

CRd 

23 

OVTGl 

5 

6 

VROy  ^ 
VROtfVKHi 

24 

23 

0  SGt 
VOGl 

7 

VIDEOout 

26 

Vss 

8 

VDDu 

27 

Vss 

9 

a  Kiu 

28 

Vss 

10 

0  H2y 

28 

NC 

11 

4  H3u 

30 

NC 

12 

4  VTGu 

31 

Vss 

13 

Vss 

32 

0RL 

14 

NC 

33 

VROv. 

15 

NC 

34 

VRTl 

16 

NC 

35 

VIDEOOUT 

17 

Vss 

36 

VOOl 

18 

Vss 

37 

0H1L 

19 

a  v3o 

36 

0H2l 

as  a  Mat 

40  * 

41  V: 


47  ♦VSl 

48  S'VIt 
4#  0,V2L 

50  Vtas 

51  «VTG 

52  ejSGo 
63  VpGu 


PIN  CONNECTIONS 


OOOOOOOOOOOOOO1 


ooooooooooooooo 
”8  !  , 


Loral  Fairchild  I  ringing  S*ntcx\ 

1601  McCarthy  filvd  ,  Milpitas,  O  05035 
1  BOO  325-6975.  TWX  910-373-2110.  (408)  433-2600 


©  1084  Loral  Fairchild  raaarva#  tha  right  to  oraKa  ctranga*  tn 
tha  olrcuttry  or  ■  pacification*  at  any  lima  without  notlca. 

Printed  In  U  S  A. 


CC0442A  FUNCTIONAL  BLOCK  DIAGRAM 
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The  photosite  structure  is  made  up  of  contiguous  CCD  etemen  s 
with  no  voids  or  inactive  areas.  In  addition  to  sensing  light,  these 
elements  are  used  to  shift  Image  data  vertically.  Consequent¬ 
ly,  the  device  needs  to  be  shuttered  during  readout. 

Vertical  Charge  Shifting:  The  Full  Frame  architecture  of  the 
CCD442A  provides  video  information  as  a  single  sequential 
readout  of  2046  lines  Containing  2048  photosite  elements.  At 
the  end  of  an  integration  period  the  (pV*.  <pVJt  and  0V|  clocks, 
are  used  to  transfer  charge  vertically  through  the  CCD  array 
to  the  horizontal  readout  register.  Vertical  columns  are 
separated  by  a  channel  stop  region  to  prevent  charge 
migration . 

The  imaging  area  is  divided  into  an  Upper  and  Lower  half.  Each 
1024  x  2046  half  may  be  clocked  independently  or  together. 
Horizontal  Transport  registers  along  the  top  and  bottom  perj- 
mit  simultaneous  readout  of  both  halves.  The  CCD442A  may 
be  clocked  such  that  the  full  array  is  readout  the  Upper  or 
Lower  Transport  registers.  The  package  pinouts  are  arranged 
so  that  the  device  may  be  rotated  18QC  without  timing  changes. 
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This  gate  requires  its  own  clock  which  should  be  tied  to  d>H, 
for  normal  full  resolution  readout.  The  output  video  is  available 
following  the  high  to  low  transition  of  d>SG. 

The  reset  FET  in  the  horizontal  readout,  clocked  appropriately 
with  cjR,  allows  binning  of  adjacent  pixels. 

OutpUt  Amplifier:  The  CCD442A  has  one  output  amplifier 
at  the  end  of  the  horizontal  transport  registers.  They  are  dual 
FET  floating  diffusion  amplifiers  with  a  reset  MOSFET  tied  to 
the  input  gate. 

Charge  packets  are  clocked  to  a  pracharged  capacitor  whose 
potential  changes  linearly  In  response  to  the  number  of  elec¬ 
trons  delivered.  This  potential  is  applied  to  the  input  gate  of 
an  NMDS  amplifier  producing  a  signal  at  the  output  Vout  pin. 
The  capacitor  is  reset  with  <pR  to  a  precharge  level  prior 
to  the  arrival  of  the  next  charge  packet  except  when  horizon¬ 
tally  binning.  It  Is  reset  by  use  of  the  reset  MOSFET. 

The  output  amplifier  drain  Is  tied  to  VDD.  The  source  (Video 
Out)  is  connected  to  an  external  load  resistor  to  ground.  The 

_ tha  uir^an  AiitfVit  front  Ihfl 


The  Vertical  Transfer  Gate  (<pVTG)  is  the  final  array  gate  before 
charge  is  transferred  to  the  serial  horizontal  shift  registers. 
For  simplified  operation  <j>VTG  may  be  tied  to 

Horizontal  Charge  Shifting:.  <pHt,  d>H2,  and  <pHa  are  poly- 
alllcon  gates  used  to  transfer  charge  horizontally  to  the  out¬ 
put  amplifier.  The  horizontal  transport  register  is  twice  the  Size 
of  the  photosite  to  allow  for  vertical  binning .  The  array  can  be 
Operated  normally  at  full  resolution  or  some  lower  resolution 
with  binning. 

The  transfer  of  charge  into  the  horizontal  register  is  the  result 
of  a  vertical  shift  sequence.  This  register  has  16  additional 
register  cells  between  the  first  pixel  of  each  line  and  the  out- 1 
put  amplifier.  The  output  from  these  locations  contain  no  Signal 
and  may  be  used  as  a  dark  level  reference. 

The  last  clocked  gate  in  the  Horizontal  registers  is  twice  as 
large  as  the  others  and  can  be  used  to  horizontally  bin  charge. 


Multi-Pinned  Pha.e:  MPP  is  a  CCD  technology  which 
significantly  reduces  the  dark  current  generation  rate.  CCOsc 
are  endowed  with  this  capability  by  the  addition  of  an  implant 
during  the  semiconductor  manufacturing  process. 

This  implant  creates  a  virtual  well  in  the  array  which  allows 
charge  integration  while  maintaining  pixel  integrity  with  the 
Vertical  clocks  in  the  low  state.  Leaving  the  Vertical  clocks  In 
the  low  State  during  the  integration  cycle  is  the  method  used 
to  implement  MPP  mode. 

A  drawback  to  utilizing  the  MPP  mode  is  reduced  full  welt 
capacity.  The  virtual  well  created  by  the  MPP  implant  does 
not  hold  as  much  charge  as  the  normal  buri@d  Channel 
operating  mode  which  leaves  one  Vertical  clock  ir|  the  high 
state  during  integration.  The  CCD442A  may  be  operated  In 
the  conventional  burled  channel  mode  with  increase  in  charge 
capacity, over  the  MPP  mode- 


CCD442A 


DEFINITION  of  terms 

Charge-Coupled  Device- A  charge-coupled  device  is  a 
monSithic  silicon  structure  in  which  discrete  packets  0  el«- 
tron  charge  are  transported  from  position  to  positl  in  by 
sequential  docking  of  an  array  of  gates. 

Vertical  Transport  Clock*  <j>Vi.  «pVa.  ^Va—The  clock 
signals  applied  to  the  vertical  transport  register. 

Horizontal  Transport  Clocks  <J>H„  <*>HS.  <pHj— The  clock 
signals  applied  to  the  horizontal  transport  registers. 

Reset  Clock  <*>R— The  clock  applied  to  the  reset  swi:ch  of 
the  output  amplifier. 

Dynamic  Rang* -The  ratio  of  saturation  output  voltige  to 
RMS  noise  in  the  dark.  The  peak-to-peak  random  noise  s  4-b 
times  the  RMS  noise  output. 

Saturation  Exposure -The  minimum  exposure  level  t  Pro¬ 
duces  an  output  signal  corresponding  to  the 
photosita  charge  capacity.  Exposure  is  equal  to  the  product 
of  light  intensity  and  integration  time. 

Responatvity — The  output  signal  voitage  per  unit  of  exp  »ure. 


timing  diagram 


Spectral  Reaponee  Range-The  spectral  band  over  which 
tto  response  per  unit  of  radiant  power  is  mdre  than  10%  of 
the  peak  response. 

Photo-Response  Non-Unlformity-The  difference  of  the 
response  levels  between  the  most  and  the  least  sensitive 
reolon9  under  uniform  illumination  (excluding  blemished 
2?m£nts)  pressed  as  a  percentage  of  the  average  response. 

Oftrk  Slanal— The  output  signal  in  the  dark  caused  by  ther- 
maTv  X'ated  elStrens.  Dark  signal  is  a  linear  function 
^Integration  time  and  an  exponential  function  of  chip 
temperature. 

Vertical  Transfer  Gate  *VTC-Gate  structures  adjacent  to 
the  end  row  of  photosites  and  the  horizontal  transport  register^ 
The  charge  packets  accumulated  in  the  phctoeites  are  shitted 
vertically  through  the  array.  Upon  reaching  the  end  row  of 
photosites,  the  charge  Is  transferred  in  paraHej^athetransfer 
gates  to  the  horizontal  transport  shift  register  whenever  tt le 
transfer  gate  voltage  goes  high, 

pfytl _ picture  element  or  sensor  element  also  called 

photoelement  or  photosite. 


VIDEO  OUT 


non-MPP  timing 


MPP  TlklNG 


nepexT 

20*9  TIMES 


REPEAT  KW8  TIMES 


horizontal  readout 
line  ?!  .  <  S*2 


1  * 

1  * 

1  » 

InK'V"1  ■ 

'  n. 

“UvA 

!  1  vOCQOUT 

OuJfMjr-  6WtccTlC> 


CD442A 


TYPICAL  CCD  QUANTUM  EFFICIENCY 

_  —  {  THINNED 


LIMIOCN 

coAreo 

/" 


normal 

V 


350  450  iJD  650  ?W  850  954?  'OSC 

WavG’CrigfH  in  0»Yi 


quantum  efficiency  enhancements 

On  a  custom  basis,  our  large  area  CCDs  can  be  backside 
thinned  lor  increased  QE.  The  CCD  is  bump  mated  to  a 
fanout  and  thinned  to  approximately  15  microns.  The  inci¬ 
dent  illumination  enters  through  the  backside  of  the  array. 
Since  no  photons  are  absorbed  in  the  poiysiticdn  gate  struc¬ 
tures,  the  QE  increases.  We  can  also  coat  frontside  illumi¬ 
nated  devices  with  a  fluorescent  dye  that  absprbs  UV  light 
and  fluoresces  in  the  visible  range.  This  provides  CCD 
response  at  wavelengths  less  than  400nm. 


TYPICAL  DC  VOLTAGES 


SYMBOL 


PARAMETER 


DC  Supply  Voltage 


Reset  Drain  Voltage 


Output  Gate  Voltage 


Substrate  Ground 


RANGE 


NOM 


20.0 


13.0 


1.0 


0,0 


UNIT  I  REMARKS 


TYPICAL  CLOCK  VOLTAGES 


SYMBOL  l  PARAMETER 


W?Hm  2,3 


V<PR 


V<PVTG 


Horizontal  Multiplexer  Clock 


Vertical  Array  Clocks 


Reset  Gate  Clock 


Array  Transfer  Gate  Clock 


Note  </->K=400pF.  0V.6O.CXXtoF 


PERFORMANCE  SPECIFICATIONS 


symbol 

PARAMETER 

Vs  AT 

Saturation  Output  Voltage 

Full  Well  Capacity 

Output  Amp  Sensitivity 

PRNU 

Photo-Response  Non-Uniformity 
Peak-to-Peak 

DSNU 

Dark  Signal  Non-Uniformity 
Peak-to-Peak 

DC 

Dark  Current 

R 

Responsivtty 

VoDC 

Output  DC  Level 

z 

Suggested  Load  Register 

MIN 


300 

100.000 


RANGE 


NOM 


Note  3 


Note  3 


Note  i  Maximum  capacity  is  ecnievao  operating  in  Buned  Ctiannr  l  Mode  minimum  caoaoty  n  m  MRP  mooe. 

Note  2  Values  snown  am 'or  25  C  Dark  current  doublet  lor  dvery  4  -  5  C 

Note  3  Standard  let.  conditions  are  nominal  MRP  clocks  and  DC  ooor„„nQ  voltages  1MH*  Honrontal  Data  Retd  6»S0C  VerUcal  Shift  Cycle 


CCD442  PACKAGE  OUTLINE 
56-Plft  Kovar  Package 
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COSMETIC  GRADING 

Device  grading  helps  to  establish  a  ranking  ^  thelmag 
Quality  that  a  CCD  will  provide.  Blemishes  are  charactenPed 
as  spurious  pixels  exceeding  10%  of  Vsat  with  respect  o 
neighboring  elements.  Blemish  content  is  determined  in  the 
dark,  at  various  illumination  levels  and  for  different  device 
temperatures. 

The  CCD442A  is  available  In  various  standard  grades,  as  well 
as  custom  selected  grades.  Consult  the  factory  for  available 
grading  information  and  custom  selections. 


WARRANTY 

Within  twelve  months  of  delivery  to  the  end  cuBtomer,  Loral 
Fairchild  will  repair  or  replace,  at  our  option,  any  Lor  Fa 
child  camera  product  If  any  part  is  found  to  be  defective  m 
materials  or  workmanship.  Contact  factory  for  a  lignment  o 
warranty  return  number  and  shipping  instructions  to  ensur 
prompt  repair  or  replacement. 


CERTIFICATION 
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Fairchild  Imaging  Sensors 


Loral  FairchHd  cannot  asauma  re*ponaiblllty  tor  u*e 
ol  any  circuitry  described  other  than  circuitry  embodied 
In  a  Loral  Fairchild  product.  No  other  circuit  patent 
license*  Are  implied. 
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Appendix  3  :  87C750  based 
sequencer  software 


In  order  to  write  this  software,  I  used  an  8051  public  domain  assembler 
which  was  found  on  the  Internet.  It  can  be  found  at  several  nodes, 
including  for  example  at  csd4.csd.uwm.edu  in  the  directory  /pub/8051.  Its 
author  can  be  reached  at  markh@csd4.csd.uwm.edu.  It  seemed  to  me  one 
of  the  best  packages  in  its  category.  We  also  purchased  a  Ceibo  DS750 
devlopement  system  in  order  to  program,  simulate  and  emulate  the 
87C750. 

In  order  for  the  reader  to  see  its  main  performances,  as  well  as  for 
reference  purpose,  I  included  the  documentation  obtained  with  this 

package  for  reference. 


CAS:  The  Free  Full-Featured  8051  Assembler 

Located  at  the  FTP  site  csd4.csd.uwm.edu  in  /pub/805 1/assem. 

This  is  a  1-pass  assembler  for  the  MCS-51  family  of  microprocessors 
with  the  following  features: 

(1)  Seperately  assembleable  files. 

There  are  two  stages  of  assembly: 

(a)  Pass  1:  Creation  of  object  files 

(b)  Pass  1  1/3:  Linking  of  object  files 

(2)  Relative  addressing 

(3)  Unnamed  segments 

(4)  Conditional  assembly 

With  a  C-like  syntax,  e.g. 
if  (Condition)  { 

Assembly  instructions... 

}  else  { 

Assembly  instructions... 

(5)  Multiple  statements  per  line  with  C-like  syntax. 

(6)  C-like  expression  syntax. 

(7)  Command-line  options  similar  to  those  of  the  UNIX  C  compiler. 
Compatible  with  UNIX's  make. 

(8)  An  extensive  archive  of  real-life  assembly  language  programs, 
including  a  multi-tasking  library. 

Plus,  if  you  don't  want  to  leam  all  the  elaborate  ins  and  outs  of  this  tool 
right  away,  it  is  just  as  easy  to  use  the  first  time  out  as  any  minimal 
assembler.  Read  the  start-up  notes  for  details.  It  has  been  tested  and 
verified  against  all  the  software  contained  in  the  rest  of  the  8051 
archive.  With  enough  demand  and  support,  I  may  add  in  the  following 
features  in  future  versions  of  this  assembler: 

(9)  More  compatibility  between  the  8051  disassembler  and  assembler. 

(10)  A  powerful  macro  facility,  to  allow  significant  customizations 
on  the  8051  language. 

(11)  The  ability  to  include  "Pre-assembled"  macros. 

This  is  probably  the  most  elaborate  8051  assembler  you  will  find 
anywhere  in  the  public  domain.  It's  yours  with  the  source  for  free.Be 
on  the  lookout  for  future  software  developments... 

START-UP  NOTES 

(1)  If  you  use  semi-colons  for  comments,  make  sure  you  precede  the 
comments  by  at  least  2  consecutive  semi-colons.  Usually,  this  should 
amount  to  nothing  more  than  performing  a  substitution  ,  ->  „  with  your 


editor.  A  short  program  (semi.c)  has  been  provided  that  will  do  the 
same. 


(2)  If  you  are  using  an  8051  extension  (like  the  8052  or  8051fa),  you 
will  have  to  make  an  include  file  to  define  the  special  function  registers 
and  bits  and  values  for  that  processor.  Example  include  files  have  been 
provided:  8052.h  and  8051fa.h. 

(3)  The  software  in  the  data  directory  has  been  provided  as  an 
illustration  of  modular  programming  using  this  assembler. 

(4)  About  the  8051  source  in  the  rest  of  the  archive: 

Most  of  the  8051  assembly  software  and  documentation  preceded 
the  assembler  provided  with  this  package,  therefore  the  files  are  not 
completely  modular.  The  one  exception  is  the  source  contained  m 
assem/data,  which  is  a  modularized  version  of  the  source  m  the  data 
directory.  There  is  a  corresponding  makefile  for  assem/data  m  that 
directory. 


To  assemble  all  the  other  sources: 


crc.asm  in  the  crc  directory 
data.asm  in  the  data  directory 
debug.asm  in  the  debug  directory 
drive.asm  in  the  drive  directory 
lcd.asm  in  the  kernel  directory 
int.asm  in  the  kernel  directory 


just  run  the  assembler  on  the  file  indicated,  for  instance. 


cas  crc.asm 

to  assemble  crc.asm.  All  the  other  assembly  language  modules  have 
names  ending  in  .lib,  and  are  combined  with  the  source  module  (crc.asm 
in  the  example  above)  using  the  assembler's  file  inclusion  feature. 

(5)  If  your  source  file  was  written  for  another  non-minimal  assembler, 
make  sure  your  directives  are  converted  to  conform  to  this  assembler. 
For  reference,  the  directives  accepted  by  this  assembler  are: 

—  File  inclusion 

—  Setting  current  segment 
and/or  location 


include  "FILE" 
seg  Type 


Type  =  code,  xdata,  or  data. 


seg  Type  at  Loc 
seg  Type  org  Loc 
at  Loc 
org  Loc 

LABEL  equ  Val 
LABEL  Type  Val 
or 

LABEL: 

LABEL  set  Val 
LABEL  =  Val 


<digit>: 

<digit>f 

<digit>b 

global  LABEL  equ  Val 
global  LABEL  Type  Val 
global  LABEL 
public  LABEL  equ  Val 
public  LABEL  Type  Val 
public  LABEL 

extern  equ  LABEL,  ...,  LABEL 
extern  Type  LABEL,...,  LABEL 


ds  Val 
rb  Val 
rw  Val 


—  Defining  new  labels 

Type  =  code,  xdata,  data,  sfr, 
bit. 


—  Defining  and  using  numeric 
labels 


—  Declaring  global  labels. 


—  Declaring  external  labels 
Type  =  code,  xfata,  data,  sfr,  or 
bit 

—  Memory  allocation 


db  Val,  ...,  Val  —  Memory  formatting,  db/byte 

can  accept  strings  byte 

Val,  ...,  Val 
dw  Val, ...,  Val 
word  Val,  ...,  Val 

if  (Val)  <Statement>  —  Conditional  assembly 

if  (Val)  <Statement>  else  <Statement> 


{  <Statement>  ...  <Statement>  }  —  Statement  grouping 


<Statement>;  <Statement> 


—  Multiple  statements  on  a  line. 


Documentation  of  the  assembler 

CAS  -  The  8051  C-Assembler 

(0)  Introduction 

(a)  Features  . 

This  is  a  free  full-featured  one-pass  8051  assembler,  it  could  very  well 

be  the  first  one-pass  assembler  for  the  popular  MCS-51  family  of 
microprocessors. 

What  you  get  are  the  following  features: 

*  Seperately  assembleable  files.  There  are  two  stages  of  assembly. 

-  Pass  1:  Creation  of  object  files 

-  Pass  1  1/3:  Linking  of  object  files 

*  Segmentation 

-  RELATIVE  ADDRESSING  supported  for  all  segment  types 

*  Conditional  assembly,  with  a  C-like  syntax.  Example. 

if  (Condition)  { 

Assembly  instructions... 

}  else  { 

Assembly  instructions... 

*  Multiple  statements  per  line  with  C-like  syntax. 

*  C-like  expression  syntax. 

*  Command-line  options  similar  to  those  of  *NIX  C  compilers. 

*  An  extensive  archive  of  real-life  assembly  language  programs, 
including  a  multi-tasking  library  and  an  8051  disassembler. 

Plus,  if  you  don't  want  to  learn  all  the  elaborate  ins  and  outs  of  this . 
tool  right  away,  it  is  just  as  easy  to  use  the  first  time  out  as  any  minimal 

assembler. 

You  simply  will  not  find  anything  this  extensive  anywhere  in  the  public 
domain.  But  it's  yours,  here,  for  free. 

Also  under  works:  a  compatible  8051  simulator  kit  for  software 

developers.  . 

What  makes  this  kit  unique  is  that  you  can  (and  usually  must)  link  m  your 
own  C  code  to  define  any  arbitrary  8051  environment  at  all.  This  gives 
you  the  flexibility  to  simulate  the  8051  in  your  favorite  embedded 
application  and  to  even  simulate  the  I/O  on  a  desktop.  A  Standard 
Environment  file  is  included  with  the  package. 

(b)  Design  Philosophy  ...  everything  is  done  in  one  pass. 


A  clean  distinction  is  made  between  the  two  phases  of  assembly,  (a) 
creating  segments  and  formatting  image  files,  (b)  mapping  segments  and 

resolving  references  to  variable  addresses. 

An  assembly  language  program  will  normally  consist  of  a  set  o 
assembly  language  modules  (or  source  files).  Each  will  typically  be 
named  with  the  suffix  ".s".  In  addition,  there  will  also  be  a  set  of  files 
with  names  ending  in  ".h"  whose  purpose  is  to  provide  common  points  of 
reference  for  declarations  of  objects  in  or  related  to  modules.  They  are 
incorporated  in  *.s  files  using  the  "include"  directive. 

The  first  stage  of  assembly  will  create  OBJECT  files,  whose  names  end 
in  ".o":  one  for  each  assembly  language  module.  For  instance,  a  module 
named  Kemel.s  will  be  assembled  to  the  object  file  Kemel.o. 

The  second  stage  will  take  all  the  object  files  that  have  been  created 
and  LINK  them  together.  This  process  will  consist  mainly  of  completing 
the  definitions  of  variables  defined  in  one  module  and  used  in  another, 
and  in  mapping  the  memory  segments  defined  in  each  module  onto  a 

memory  image. 


These  two  stages  correspond  roughly  to  the  first  and  second  pass  of  a 
traditional  two-pass  assembler.  But  there  are  now  two  major  differences: 

(a)  the  second  stage  can  now  be  deferred.  It  is  possible  to  assemble 
object  files  only,  and  defer  the  linking  phase.  Furthermore,  it  is  possible 
to  use  the  SAME  object  file  in  more  than  one  project. 

(b)  the  second  stage  is  now  considerably  shortened  compared  to  the 
second  pass  of  a  traditional  two-pass  assembler  because  object  files  tend  to 
be  much  smaller  than  source  files  and  because  the  assembler  no  longer 
has  to  process  the  assembly  language  itself  by  the  second  stage. 


(1)  Command  line  arguments  ^  ^ 

The  cas  assembler's  command  line  basically  follows  that  of  a  typical  C 

compiler.  In  the  examples: 

(a)  cas  -c  kemel.s 

(b)  cas  -c  math.s  data.s  stdio.s  kemel.s 

(c)  cas  math.s  data.s  stdio.s  kemel.s 

(d)  cas  -o  data.hex  math.o  data.s  stdio.o  kemel.s 

(a)  will  assemble  the  file  kemel.s,  creating  kemel.o. 

(b)  will  assemble  all  the  files  listed,  creating  .o  files  in  the  process. 

If  a  .o  file  is  listed  with  the  -c  option,  it  is  ignored. 

(c)  will  assemble  all  the  files  listed,  as  in  (b),  and  then  link  all  the 
corresponding  .o  files.  The  output  file  will  take  the  same  base  name 
as  the  first  file  listed,  and  will  have  the  suffix  .hex.  Therefore,  the 

output  in  this  example  will  be  math.hex. 

(d)  will  do  the  same  as  (c),  but  will  name  the  output  file  data.hex. 

If  a  .o  file  is  listed  in  either  of  these  two  command  lines  it  will  be 


ignored  during  assembly,  but  will  be  used  during  linking. 

(2)  Directives 

The  following  is  a  summary  of  the  directives  available  in  this  language. 

(a)  FILE  INCLUSION  -  include  "FILE" 

This  command  will  read  the  contents  of  the  file  named  (FILE)  into  the 
current  location  of  the  current  file.  By  convention,  include  files  should 
have  names  ending  in  ".h"  or  ”.i"  and  should  only  consist  of  declarations. 

Include  files  generally  serve  two  purposes:  to  provide  a  place  to  store 
related  constant  definitions  and  declarations,  to  declare  the  globally 
visible  objects  of  an  assembly  language  module. 

(b)  Setting  current  SEGMENT  and  LOCATION  --  seg,  at,  org 

At  any  point  in  scanning  a  *.s  assembly  language  file,  the  assembler 
will  recognize  a  current  segment  and  current  location.  The  latter  can  be 
referred  to  by  the  user  as  $. 

To  see  how  these  items  can  be  set,  look  at  the  following  examples: 
seg  code 

seg  xdata  at  0x8000 
seg  xdata  org  0x8000 
org  50 
at  50 

The  first  example  sets  the  current  segment  to  the  type  "code".  The 
current  location  is  left  unspecified.  THIS  IS  HOW  RELATIVE 
ADDRESSING  IS  INITIATED. 

The  actual  address  of  the  segment's  start  will  not  be  determined  when  the 
object  file  is  created,  but  is  deferrred  until  the  object  file  is  linked. 

Why  do  things  this  way?  One  simple  reason:  MODULARITY.  You 
can  now  define  your  own  assembly  language  module,  and  convert  it  into 
an  object  file  ready  to  be  linked  in  with  the  rest  of  whatever  program 
might  be  using  it.  You  don't  have  to  worry  about  the  exact  address 
where  you  memory  segments  will  be  located  each  time  you  include  this 
module  in  a  new  program.  This  makes  it  possible  to  create  reuseable 
libraries  of  common  assembly  language  functions. 

The  second  and  third  example  do  exactly  the  same  things  because  "at" 
and  "org"  are  synonymous.  The  latter  is  included  only  for  compatibility 
with  other  assembly  language  programs  and  for  familiarity's  sake,  but  I 
strongly  recommend  you  using  the  former.  It  simply  reads  nicer. 

The  effect  of  this  operation  is  to  set  the  current  segment  to  "xdata"  and 
the  current  location  to  0x8000. 


The  last  two  examples  are  equivalent  to  one  another  and  set  the  current 
location  to  50  without  changing  the  current  segment. 

At  the  very  start  of  assembly,  the  current  segment  is  set  to  the  first 
segment  ("code"),  and  the  address  is  left  indefinite.  When  different 
modules  are  linked  together,  the  linker  will  attempt  to  take  all  the 
segments  of  each  type  and  place  them  in  non-overlapping  areas  of 
memory,  shifting  the  relative  segments  around  as  needed  to  accomplish 
this  goal. 

What  if  you  want  to  control  the  placement  of  objects,  say  to  exclude 
addresses  0  to  4000  hex?  An  easy  way  is  to  simply  write  up  a  module  to 
the  effect: 

seg  code  at  0 
ds4000h 

assemble  it  seperately  and  link  it  in  with  any  program  where  you  want  to 
reserve  this  address  space. 

The  linker  tries  to  place  your  segments  in  exclusive  areas  in  as  tight  a 
fit  as  possible.  So  this  module  will  result  in  the  address  space  0  to  4000 
being  excluded  from  the  rest  of  your  program. 

The  segments  types  supported  by  this  8051  assembler  are  the  following: 

*  code  —  the  8051  code  address  space,  ranges  from  0  to  ffff  hex. 

*  xdata  -  the  external  data  address  space,  same  range. 

*  data  —  the  internal  data/register  space.  Ranges  from  0  to  ff. 

Only  addresses  under  80  hex  can  be  used  in  mnemonics 
involving  direct  addressing. 

Other  segment  types  are  internally  used  by  the  assembler.  They  are: 

*  sfr  —  the  Special  Function  Register  space  -  ranges  from  80  to 
ff. 

*  bit  — -  the  bit  addressible  address  space.  These  comprise  the 

individual  bits  in  registers  20(hex)  to  2f(hex),  and  the 
sfr  addresses  (hexadecimal)  80,  88,  90,  98, ...,  fO,  f8. 

Defining  a  new  segment  with  one  of  these  types  will  result  in  an  error. 

(c)  Defining  new  LABELS  —  LABEL  equ  Exp,  LABEL  Type  Exp, 
LABEL: 

LABEL  set  Exp,  LABEL  =  Exp 
These  operations  are  defined  as  follows: 


LABEL  equ  Exp 

defines  a  constant  value  LABEL  and  sets  it  to  the  value  Exp. 
LABEL  Type  Exp 

defines  a  constant  address  "LABEL"  of  the  indicated  type 
and  sets  it  to  the  address  given  by  "Exp".  The  types 
recognized 

by  this  assembler  are:  code,  xdata,  data,  sfr,  and  bit. 

LABEL: 

sets  a  constant  address  "LABEL"  to  the  current  address  in 
the  current  segment. 

LABEL  set  Exp 

defines  a  variable,  LABEL,  and  sets  it  to  the  value  Exp. 
LABEL  =  Exp 
the  same  thing  as  "set". 

The  following  assembly  language  fragment  is  an  illustration  of  these 
operations: 

seg  code  at  0 
Start:  ds  0x4000 
Size  equ  $  -  Start 
End  code  Start  +  Size 

The  first  statement  sets  the  current  segment  and  location  to  "code"  and 

0. 

The  next  statement  is  preceded  by  the  label,  "Start:".  This  is  equivalent  to 
the  statement: 


Start  code  $. 

What  it  does  is  define  "Start"  as  a  code  address,  and  sets  it  to  the  current 
location  (which  is  0).  Following  this  is  an  instruction  to  reserve 
4000(hex)  units  (bytes)  of  storage.  After  this  operation,  the  current 
location  is  now  0x4000. 

The  third  instruction  sets  the  numerical  constant  "Size"  to  0x4000  -  0, 
or  just  0x4000.  The  final  directive  defines  a  code  address  with  the  name 
"End"  and  sets  it  to  the  address  Start  +  Size  (or  just  0x4000). 

Variable  differ  from  constants  in  that  they  can  be  redefined.  Constants 
cannot  be  redefined. 

(d)  Numeric  labels 

One  can  also  define  anonymous  numeric  labels,  as  in  the  following 
example: 


1:  cjne  A,  #0,  If 
inc  A 

movx  @DPTR,  A 
incDPTR 
mov  A,  @R1 
inc  R1 
jz2f 
sjmp  lb 
1:  setb  C 
ret 

2:  clr  C 
ret 

Each  occurrence  of  "1:"  stands  for  a  unique  anonymous  label,  likewise 
for  "2:".  Any  number  may  be  used  in  this  way  to  denote  an  anonymous 
label. 

When  a  label  is  referenced  by  the  number  followed  by  an  "f",  then  the 
first  matching  numeric  label  IN  THE  CURRENT  SEGMENT  forward  of 
the  current  location  is  being  referred  to.  In  the  example  above.  If  and  2f 
refer  respectively  to  the  occurrences  of  1:  and  2:  toward  the  end  of  the 
example , 

When  a  label  is  referenced  by  the  number  followed  by  a  "b",  then  the 
first  matching  numeric  label  IN  THE  CURRENT  SEGMMENT  behind 
the  current  location  is  being  referred  to.  In  the  example  above,  lb  refers 
to  the  1:  at  the  top  of  the  example. 

Thus,  this  segment  is  equivalent  to  the  following: 

XI:  cjne  A,  #0,  Y1 
inc  A 

movx  @DPTR,  A 
inc  DPTR 
mov  A,  @R1 
inc  R1 
jzY2 
sjmp  XI 
Yl:  setb  C 
ret 

Y2:  clr  C 
ret 

This  feature  saves  you  from  the  burden  of  defining  needless  names  for 
labels  that  really  serve  as  nothing  more  than  place-holders. 

(e)  Declaring  GLOBAL  labels  -  global,  public 


Any  constant  directive: 


LABEL  equ  Exp 
LABEL  Type  Exp 
LABEL: 

can  be  prefixed  by  "global"  or  "public"  to  result  in: 

global  LABEL  equ  Exp 
global  LABEL  Type  Exp 
global  LABEL: 
or 

public  LABEL  equ  Exp 
public  LABEL  Type  Exp 
public  LABEL: 

What  this  does  is  to  make  these  labels  visible  to  modules  other  than  the 
one  where  these  labels  are  defined.  By  default,  all  labels  are  visible  only 
in  the  file  where  they  are  used. 

(f)  Declaring  EXTERNAL  labels  -  extern  Type  LABEL, ...,  LABEL 

extern  equ  LABEL, ...,  LABEL 

For  each  global  label  defined  in  a  *.s  module  file,  a  corresponding 
external  declaration  should  be  made  be  made  in  whatever  other  module 
this  label  is  to  be  used.  Typically,  one  will  make  these  and  other  related 
declarations  in  a  *.h  file  and  then  INCLUDE  this  file  in  whatever  module 
needs  the  declarations.  The  type  must  match  the  type  of  the  label  being 
referenced,  if  it  is  an  address,  or  it  must  be  "equ"  if  the  label  referenced 
was  a  numeric  constant. 

For  example  if  one  declared  global  labels  in  a  module  Kemel.s  as 
follows: 

public  STACKJBASE  data  0x80 

seg  code 
public  Spawn: 

public  Resume: 

one  would  generally  make  the  corresponding  declarations: 

extern  data  STACKJBASE 
extern  code  Spawn,  Resume 

in  a  header  file  (say.  Kernel. h),  and  then  include  this  file  in  any  source 


module  where  the  addresses  STACK_BASE  and  Spawn  might  be  needed. 

(g)  Memory  ALLOCATION  --  ds,  rb,  rw 

The  following  operations  can  be  used  in  any  segment.  They  are 
generally  used  to  allocate  space  for  objects  and  so  are  generally  used  in 
conjunction  with  "LABEL:"  type  definitions.  These  are  examples: 

seg  code  at  0 
BASIC_SEG:  ds  0x4000 

seg  xdata 
Byte:  ds  1 
ByteArray:  rb  5 
WordArray:  rw  5 

The  first  example  reserves  0x4000  units  (bytes)  in  the  current  segment 
for  the  variable  BASIC_SEG  and  then  increments  the  current  location  by 
0x4000.  Basically,  this  operation  behaves  as  if  the  assignment  "$  =  $  + 
0x4000"  had  just  been  carried  out. 

Both  "ds"  and  "rb"  are  exactly  equivalent,  but  the  latter  more 
descriptively  states:  reserve  single-byte  units.  So  the  second  example 
reserves  1  byte  for  the  variable  "Byte",  and  5  bytes  for  '  ByteArray  . 

NO  MEMORY  IMAGE  IS  GENERATED  FOR  ANY  SPACE 
SKIPPED  BY  ds/rb/rw. 

The  third  example  is  equivalent  to: 

WordArray:  rb  10 

Each  unit  following  a  "rw"  is  a  word,  which  consists  of  two  bytes. 

(h)  Memory  FORMATTING  -  db,  dw 

These  operations  can  be  used  in  the  code  segment  only.  They  are  the 
only  directives  that  can  generate  memory  images.  The  only  other 
operations  that  generate  memory  image  output  are  the  8051  mnemonics, 
which  likewise  are  restricted  to  the  code  segment  only. 

Two  purpose  served  by  these  operations  is  mainly  to  initialize  data, 
examples: 

ByteArray:  db  'a',  'b',  'c',  'd',  'e' 

String:  db  "This  is  a  string",  0 


In  the  following  examples: 


db  0x20,  "String",  'c' 
dw  0x1234,  0x5678 

the  first  operation  lays  out  the  byte  0x20  and  equivalent  character  codes 
for  'S’,  't\  'r\  'i',  'n',  'g',  and  'c'  in  that  order.  The  current 
location  is  then  increment  by  8  to  the  location  following  the  last  item. 

The  second  operation  is  equivalent  to  the  following: 

db  0x12,  0x34,  0x56,  0x78 

It  formats  2-byte  word  units  into  memory. 

Both  of  the  operations:  db,  and  dw  can  be  followed  by  a  comma-separated 
series  of  numeric  values  or  addresses.  In  addition,  db  can  accept  strings, 
as  shown  in  the  examplex  above. 

(i)  CONDITIONAL  assembly  -  if  (Ex)  ST,  if  (Ex)  ST  else  ST 
These  statements  are  used  to  selectively  assemble  different  sets  of 
statements.  For  example 

if  (STAND_ALONE)  { 
at  0x03 

mov  R0,  #SP_IE0 
acall  Pause 
reti 

}  else  { 
at  0x4003 
pop  PSW 
mov  R0,  #SP_IE0 
acall  Pause 
reti 

} 

will  assemble  the  first  set  of  statements  (at  0x03  ...  reti)  if  the  label 
STAND_ALONE  is  anything  other  than  0,  and  the  second  set  (at 
0x4003... reti)  if  the  label  is  0. 

An  example  with  the  exact  same  effect  could  be  written  as: 

if  (STAND_ALONE)  SEG  equ  0;  else  SEG  equ  0x4000 
at  SEG  +  3 

if  ( !  STAND_ALONE)  pop  PSW 
mov  R0,  #SP_IE0 
acall  Pause 
reti 


Both  the  if  and  else  part  of  the  conditional  will  accept  only  one  statement. 
If  more  than  one  statement  needs  to  be  included,  as  in  the  first  example, 
then  they  can  be  grouped  within  curly  braces. 

(j)  Statement  GROUPING  -  {  ...  },  multiple  statements  on  a  line. 

Any  sequence  of  statement  included  within  a  matching  set  of  curly 
brackets  is  treated  as  a  single  statement.  It  can  then  be  used  in  the  body 
of  any  conditional  just  like  any  single  statement  can. 

SPECIAL  NOTES  ON  STATEMENT  FORMATTING: 

(A)  ALL  STATEMENTS  (a)  THROUGH  (h)  MUST  END  IN 
SEMICOLONS. 

However,  this  semicolon  can  be  elided  if  it  is  the  last  item  on  a  line.  This 
allows  compatibility  with  more  traditional  one-statement-on-a-line  type 
assemblers.  So  normally,  you  don’t  have  to  even  concern  yourself  with 
this  if  you  adhere  to  one-statement  per  line  style. 

(B)  A  BASIC  STATEMENT  ((a)  THROUGH  (h))  MUST  BE 
WRITTEN  ALL  ON  ONE  LINE 

It  cannot  be  split  up  into  two  or  more  lines. 

(C)  ALL  COMMENTS  ARE  IN  C++  STYLE. 

Many  assemblers  use  the  semicolon  to  initiate  comments.  I  have  decided 
against  this  feature  in  favor  of  making  this  assembler  more  compatible 
with  C++  syntax.  Comments  occur  in  the  following  two  forms: 

(a)  Anything  included  between  a  matching  pair  /*  ...  */ 

(b)  Anything  included  between  a  //  and  end  of  line. 

However,  for  increased  compatibility,  I  also  allow  the  following  format: 

(c)  Anything  included  between  a  ;;  and  end  of  line. 

My  personal  style  is  to  precede  comments  with  a  so  none  of  this 
impinges  on  the  software  included  in  the  archive  with  the  assembler. 

There  is  a  short  C-program  included  that  will  blindly  convert  all  single 
semicolons  to  double  semicolons.  Since  I've  observed  that  semicolons 
rarely  occur  inside  string  or  character  constants  in  actual  8051  programs, 
this  should  ALMOST  always  be  sufficient  to  resolve  any  incompatibilities 
with  your  older  assembly  language  programs. 

(n)  What  goes  in  a  *.s  file,  what  goes  in  a  *.h  file? 

Generally  speaking,  declarations  should  be  placed  in  a  *.h  header  file. 
The  design  of  this  assembler  (especially  with  it  being  a  one-pass 


assembler)  is  intended  to  support  this  usage.  Any  of  the  following  is  a 
declaration: 

(c)  Defining  new  LABELS  —  LABEL  equ  Exp,  LABEL  Type  Exp 

(f)  Declaring  EXTERNAL  labels  -  extern  Type  LABEL,  ..., 
LABEL 

extern  equ  LABEL, ...,  LABEL 

Declarations  only  meant  to  be  accessed  within  one  module  should  be  made 
inside  that  module,  instead  of  out  in  a  header  file. 

The  following  should  be  used  only  in  *.s  files,  as  they  are  generally 

(a)  used  to  create  memory  images,  (b)  used  to  define  non-global  objects, 
or  (c)  used  to  define  address  values: 

(a)  FILE  INCLUSION  -  include  FILE 

(b)  Setting  current  SEGMENT  and  LOCATION  —  seg,  at,  org 

(c)  Defining  new  LABELS  --  LABEL: 

(d)  Numeric  labels 

(e)  Declaring  GLOBAL  labels  —  global 

(g)  Memory  ALLOCATION  —  ds,  rb,  rw 

(h)  Memory  FORMATTING  -  db,  dw 

The  last  two  items  are  generally  used  in  many  different  contexts,  and  so 
can  be  used  anywhere: 

(i)  CONDITIONAL  assembly  -  if  (Ex)  ST,  if  (Ex)  ST  else  ST 

(j)  Statement  GROUPING  —  {...} 

(3)  Expressions 
(a)  Operators 

The  syntax  is  the  same  as  in  C.  The  following  operations  are  defined: 

BIT-WISE:  ~,  &,  A,  I,  «,  » 

BOOLEAN:  !,  &&,  II,  <,  <=,  >,  >=,  ==,  1= 

CONDITIONAL:  ? : 

ARITHMETIC:  prefix  +  and  -,  +,  *,  /,  % 

CONVERSIONS:  high,  low,  by 
BIT  CONVERSION: . 

The  operator  precedences  are  all  the  same  as  in  C. 

The  latter  two  groups,  not  defined  in  C,  are  described  in  more  detail 
below.  The  operator  high,  and  low  have  the  same  precedence  as  all  the 
other 


prefix  operators  (+,  !,  and  ~).  The  operators  "by"  and  have  the 

lowest  precedence  of  all  infix  operators,  so  for  example 

A  *  B  by  C 

is  resolved  as: 

A  *  (B  by  C) 
and 

A.B  +  C 
as: 

(A.B)  +  C 

Parentheses  may  be  used  to  enclose  expressions  as  in  C,  for  example: 

A  +  ((B  «  2)&(C  »  3)) 

(b)  CONVERSIONS  ...  high  X,  low  X,  H  by  L 

The  following  examples  illustrate  these  operations: 

high  1234h  (result:  12h  ..  the  upper  byte  of  the  word  1234h) 

low  1223h  (result:  34h  ..  the  lower  byte  of  the  word  1234h) 

12h  by  34h  (result:  1234h) 

(c)  BIT-CONVERSION ...  Dir.Pos 

This  is  an  8051-specific  operation  related  to  the  bit-addressing  structure 
of  the  processor.  The  first  argument  represents  a  direct  data  register  (of 
type  "data"  and  value  <  80h,  or  type  "sfr"  and  value  >=  80h).  The  second 
represents  a  bit  position  (0,  through  7). 

The  register,  Dir,  must  be  bit  addressible.  These  include  only: 

data;  20h  -  2fh 

sfr:  80h,  88h,  90h,  98h,  OaOh,  0a8h,  ObOh,  0b8h, 

OcOh,  0c8h,  OdOh,  0d8h,  OeOh,  0e8h,  OfOh,  0f8h 

The  sfr  registers  and  bit  positions  generally  have  meanings  defined  by  the 
manufacturer  of  the  8051  processor  and  vary  between  different  versions 
of  the  8051.  They  are  not  generally  free  to  be  defined  by  the 
programmer  for  arbitrary  use.  Most  of  them  control  or  monitor  the 
internal  8051  peripherals. 

(d)  LOCATION  COUNTER  -  $ 

A  variable  address  that  denotes  the  current  location  within  the  current 
segment.  NOTE: 


dw  $,  $  -  2,  $  -  4 
IS  EQUIVALENT  TO: 


dw  $;  dw  $  -  2;  dw  $  -  4 
which  is  equivalent  to: 

1:  dw  lb;  dw  lb;  dw  lb 

The  location  counter  advances  in  the  middle  of  a  dw  or  db. 

(e)  NUMERIC  CONSTANT 

This  assembler  accepts  both  C  numeric  syntax,  as  well  as  the  Intel 
numeric  syntax.  The  relation  between  the  (extended)  C  notation  and 
Intel  notation  is  illustrated  below: 

HEXADECIMAL:  0xa44f  =  0a44fh 
0x23  =  23h 

DECIMAL:  23  =23 

23  =  23d 

OCTAL:  034  =34q 

056  =  56o 

BINARY:  OblOOl  =  1001b 

Upper  case  may  be  used  anywhere  lower  case  is  used,  so  the  above  can  be 
written  as: 

HEXADECIMAL:  0XA44F  =  0A44FH 
0X23  =  23H 
DECIMAL:  23  =23 

23  =  23D 

OCTAL:  034  =  34Q 

056  =  560 

BINARY:  0B1001  =  1001B 

(f)  LABELS 

Labels  may  consist  of  any  sequence  of  letters,  the  and  digits,  not 
starting  in  a  digit.  As  with  numbers,  labels  are  CASE  INSENSITIVE. 
So 

all  of  the  following  are  equivalent: 

PPC,  PPc,  Ppc,  pPC 
(4)  Referencing  Expressions 

At  any  time  during  assembly,  a  label  may  be  in  one  of  3  states: 

(a)  DEFINED  and  ABSOLUTE: 

This  is  either  a  numeric  label,  or  a  label  denoting  an  address 
whose  actual  value  is  known. 

(b)  DEFINED  and  RELATIVE: 

This  is  a  label  denoting  an  address  whose  location  within  its 
segment  is  known,  bot  with  the  segment  being  relative. 

(c)  UNDEFINED: 


This  is  a  label  that  is  either  defined  elsewhere  in  another  file, 
or  defined  later  on  in  the  file  currently  undergoing  processing. 

The  following  restrictions  hold  when  using  expressions: 

*  Only  ABSOLUTE  labels  can  be  used  in  any  of  the  directives: 

at/org, 
ds/rb,  rw 

if  (...) 

*  Only  DEFINED  labels  can  be  used  on  the  right-hand  side  of  any  of 
the  following  directives: 

Label  equ  Exp, 

LABEL  Type  Exp 

LABEL  set  Exp,  LABEL  =  Exp 

*  Any  expression  can  be  used  with  any  image  generating 
statement: 

Mnemonics 
db,  dw 

If  the  expression's  value  is  not  known  at  the  time  of  assembly,  then  the 
corresponding  location  in  the  image  is  zeroed  out.  If  the  expression's 
value  becomes  known  by  the  time  the  file  is  processed,  the  assembler  will 
go  back  and  fill  in  the  zero  with  the  appropriate  value(s). 

(5)  Bugs  (or  "features”) 

(a)  There  is  no  way  to  tell  the  assembler  to  locate  relatively 
addressed  data  registers  in  the  directly  addressible  space. 

Consequently  you  may  receive  numerous  errors  during  the  linking  phase 
telling  you  that  such  and  such  registers  cannot  be  directly  addressed. 

There  are  basically  2  ways  to  resolve  this:  (1)  give  the  registers 
absolute  addresses,  (2)  try  listing  the  files  in  which  these  registers 
are  defined  first.  The  linker  maps  relative  segments  from  the 
files  in  the  order  you  list  those  files. 

In  the  makefile  of  the  sample  program  provided  (in 
8051/assem/data),  the  linking  phase  is  done  with  the  command 
line: 

cas  -o  math.o  data.o  stdio.o  kemel.o 
This  ordering  resolves  the  problem. 

(b)  The  assembler  won’t  recognize  UNIX-style  newlines  on  a  DOS. 
Therefore,  a  conversion  utility  (nl.c)  has  been  provided. 


(c)  No  run-time  checks  are  made  against  the  object  files  processed. 
A  corrupt  object  file  will  crash  the  assembler  during  the  linking 
phase. 


Documentation  of  the  debugger  : 

8051  DISASSEMBLER,  notes  on  use. 

(0)  COMMAND  LINE,  INPUT  FORMAT 

This  is  a  disassembler  for  the  Intel  8051-family  of  processors.  It  is 
currently  set  to  read  up  to  and  including  the  8052. 

The  typical  conmmand  line  for  this  disassembler  is: 

das  <asm.hex  >asm.s 

The  input  file  (read  from  standard  input)  is  assumed  to  be  in  Intel  Hex 
Format.  The  output  is  placed  in  standard  output  (or  in  a  file  when 
redirection  is  used).  A  third  file: 

entries 

is  used  to  specify  a  list  of  entry  points  for  das  to  use. 

Currently,  it  will  only  accept  input  in  Intel  Hex  format  located  between  the 
addresses  0000  and  4000  (hex).  It  will  read  entry  points  from  a  file:  "entries" 
and  recursively  disassemble  all  the  addresses  "reachable"  from  those  listed  as 
entry  points.  A  sample  entries  file,  input  file  and  output  file  are  provided  with 
the  software.  The  format  of  each  address  in  the  file  is  (starting  at  column  1): 

HHHH<cn> 

with  the  H's  representing  the  digits  of  the  address  in  hexadecimal. 

Typically  entry  points  are  assigned  to  0000,  the  starting  address,  and 
the  address  of  each  interrupt-handler  that  is  used. 

(1)  OUTPUT  FORMAT 

The  output  of  the  disassembler  is  not  exactly  re-assembleable.  When  the 
disassembler  searches  for  reachible  segments  of  code,  it  will  fail  to  resolve 
indirect  jumps  (jmp  @A  +  DPTR,  jmp  @A  +  PC),  and  will  fail  to  recognize 
virtual  jumps  created  by  manipulating  the  stack  pointer,  e.g. 

push  DPL 
push  DPH 

ret  ;;;  An  indirect  jump  to  the  address  pointed  to  by  DPTR. 


In  addition,  if  the  original  program  contained  data  tables,  these  would  normally 
be  passed  by  untouched. 

The  disassembler  will  regard  anything  in  the  allocated  code  space  that 
was  not  accessible  as  being  data.  If  necessary,  you  will  have  to  visually 
inspect  the  disassembled  code  for  indirect  jumps  and  stack  pointer 
manipulations  to  determine  what  addresses  are  being  indirectly  referenced. 
Then  you  could  add  these  addresses  to  the  entry  point  list  in  the  nle 
"entries"  and  disassemble  again.  This,  in  turn,  may  reveal  additional 
indirect  addresses,  so  that  there  is  an  iterative  process  implied  here  to 
completely  disassemble  code. 

For  assistance,  a  list  of  locations  where  indirect  jumps  occur  will  be 
listed  in  the  following  format: 

Indirect  jump  at  <Address> 

In  the  sample  program  provided,  there  were  no  indirect  jumps. 
However,  since  the  assembly-language  software  implements  a  multitasking 
kernel,  it  heavily  manipulates  the  stack  pointer.  Consquently,  theaddresses 
listed  in  the  entries  file  are  not  just  the  starting  address  (0000),  and 
interrupt  handler(s)  (0023),  but  also  derived  addresses:  0067  (found  on  the 
first  iteration),  and  0131  (found  on  the  second). 

Also,  any  addresses  referenced  that  lie  outside  the  range  of  the  Intel  Hex 
Format  file  will  be  listed  as  external  references.  These  are  listed  m  the 

following  form: 

REF:  <Address>  .  . 

Data  segments  will  be  clearly  marked  as  such,  beginning  with  the  header: 

DATA  at  <Address> 

following  which  will  be  a  hexadecimal  listing  of  the  "data"  in  the  format 
illustrated  below: 


34  aa  ef  00  00  00  00  00  34  ee  ff  00  00  00  00  00  14  4  I 

A  list  of  up  to  16  bytes  in  hexadecimal  notation  is  generated,  and  then  between 
vertical  bars  is  the  list  of  corresponding  ASCII  characters.  Control  characters 
and  meta  characters  (those  ranging  from  128  to  255)  are  "blanked  out.  The 
character  listing  allows  you  to  easily  recognize  embedded  string  constants 

wherever  they  occur. 

Labels  are  generated  for  SFR's  corresponding  to  the  8052  processor,  and  Bit 
labels  are  likewise  generated.  These  are  listed  in  the  tables  SFRs,  and  Bits 
contained  in  the  disassembler  source,  and  can  be  modified  to  suit  whatever 
version  of  the  8051  you  are  using. 


,,  ___  loKple/i  in  the  format  illustrated  below. 

In  the  output,  addresses  are  labelea  in 

C3458 

n.  H  m.  i—  11  "* 

the  following  key: 

g  -  1  reference,  C  =  2  references,  D  -  3,  E  4,  e 

the  next  4  items  represent  that  actual  address  of  the  label  in  hexadecimal. 

embler  will  duly  note  where  disassembled  instructions  overlap, 
or  where  it  cannot  further  process  input. 

No  entry  points  listed. 

^"'Ss  not  found,  or  contained  corrupt  data. 

Address  out  of  range  0  -  4000h  ininput.  lying  outside  the  address 

fatal  error,  disassembly  stops. 

Bad  format  string,  PC  =  HHHH.  nneratins  system,  or  the  source 

Something’s  wrong  with  J^^nrompflyto  me!  / you  should  see  this, 
file  has  been  corrupted.  Report  this  promptly 

0 

Bad  hexadecimal  digit  in  input. 

Bad  checksum. 

Smfdeco'ntaiued  a  portion  no,  strictly  in  Intel  Hex  Format. 

l  ac^ ,Wint  that  has  already  been  disassembled  as 
the  interior  of  an  instruction. 

OPintoARGat<Address>^  instruction  starting  at  an  address 

is  generating  overlapping  instructions. 

ARG  into  OP  at  <Address>^  argument  to  an  instruction  at  an 

An  attempt  was  made  to  drsassem  s  instruction, 

address  already  disassembled  as  the  tirst  Dyte  01 

ARG  into  ARG  at  <Address>. 


An  attempt  was  made  to  disassemble  an  argument  to  an  instruction  at  an 
address  already  disassembled  as  an  argument  of  another  instruction. 

The  presence  of  this  error  indicates  that  something  is  wrong  with  your 
compiler  or  operating  system,  or  the  source  file  has  been  corrupted. 
Report  this  promptly  to  me,  as  well,  if  you  should  see  this  error. 


Too  many  entries,  PC  =  <Address>. 

The  number  of  pending  points  for  the  disassembler  to  process  exceeded 
its  capacity. 


(3)  USER  SUPPORT  and  GUARANTEE 

This  software  has  been  rigorously  verified  with  respect  to 
the  description  given  above.  It  will  also  conform  to  the  description  of  the 
binary  coding  of  the  8051  processor  supplied  by  Intel. 

Since  this  was  a  hobby  project  mainly  intended  for  myself  and  not  for  a 
wider  audience,  you  will  be  on  your  own  in  using  this  software.  However,  I 
am  interested  in  hearing  any  feedback  you  have.  Send  comments  to  my  e-mail 
address,  markh@csd4.csd.uwm.edu.  If  you  want  to  make  upgrades,  I 
encourage  you  to  try  your  hand  at  it.  That's  exactly  why  I’m  distributing  this 

package  free. 


Documentation  of  the  Object  file  format  utility 
OBJECT  FILE  FORMAT,  and  OBJECT  FILE  DISPLAY  UTILITY 


(0)  COMMAND  LINE,  INPUT  FORMAT 

This  utility  will  display  the  contents  of  an  object  file  created  by  the 
assembler.  The  command  line  is  typically  of  the  form: 

ds  file.o  >file.x 


The  contents  of  an  object  file  are  as  follows:  cvl_„rc 

HEADER,  IMAGE,  FILES,  SEGMENTS,  GAPS,  SYMBOLS, 

EXPRESSIONS,  RELOCATIONS 
(a)  HEADER 
Bytes  Item 

2  55aa ...  the  MAGIC  number  TX , .  „ 

4  Location  of  first  item  past  the  end  of  the  memory  IMAGE. 

4  Number  of  FILES  listed. 

4  Number  of  SEGMENTS  listed. 

4  Number  of  GAPS  listed. 

4  Number  of  SYMBOLS  listed. 

4  Number  of  unresolved  EXPRESSIONS  listed. 

4  Number  of  RELOCATION  items  listed. 

4  Check  sum  of  the  previous  7  items. 


(b)  IMAGE 


This  is  a  binary  listing  of  each  of  the  code  segments  contained  in 
this  object  file,  all  concatentated  together.  This  binary  format  is  listed  by 
the  display  program  16  bytes  per  line,  each  byte  written  in  hexadecimal 
form.  It  is  also  displayed  in  character  form  to  the  right-hand  side,  in  order  to 
show  off  any  embedded  strings. 

The  size  of  the  image  is  given  in  two  ways:  (a)  it  is  the  sum  of  the  sizes  of 
all  the  code  segments  listed  minus  all  the  sizes  of  all  the  gaps  listed,  and  (b)  it  is 
the  number  of  bytes  contained  between  the  end  of  the  header  and  the  end  of  the 
image  (which  is  indicated  in  the  header). 

(c)  FILES 

Source  and  header  file  names  are  added  to  the  object  file  as  needed  to  help 
the  linker  determine  where  any  errors  may  be  originating  from.  Each  file  is 
listed  in  the  following  form: 

Bytes  Item 

1  L  =  length  of  file  name 

L  file  name 

(d)  SEGMENTS 

The  segments  0  through  4  are  only  used  internally  by  the  assembler.  They 
have  the  types  respectively  code,  xdata,  data,  sfr,  and  bit.  Their  sizes  are  0, 
bases  are  0,  and  they  are  absolute.  These  segments  serve  as  default  segments  for 
absolute  addresses. 

The  remaining  segments  (if  there  are  any)  are  listed  in  the  following 
format: 

##  Line  File  Rel  Type  Base  Size  Loc 

which  indicate,  respectively,  the  segment’s  number,  the  line  and  file  where  it  is 
first  defined,  whether  it  is  relative,  the  segment's  type  (0  =  code, 

1  =  xdata,  2  =  data,  3  =  sfr,  and  4  =  bit,  3  and  4  are  never  seen).  The  Base 
is  0  for  relative  segments,  else  it  points  to  the  actual  starting  address  of  the 
segment.  The  Size  is  the  number  of  bytes  in  the  segment,  and  (for  code 
segments)  Loc  is  the  place  in  the  object  file  where  its  image  is  found. 

Each  segment  is  formatted  in  the  object  file  as  follows: 

Bytes  Item 

2  Line 

2  File 

2  Bits  0-7  =  Type 

Bit  8  =  1  for  relative  segments,  0  else. 

2  Size 

2  Base 

4  Loc 

The  file  number  indicated  indexes  the  appropriate  entry  in  the  file  list 
previously  described. 


(d)  GAPS  ,  ^ 

Gaps  are  subsets  of  segments  that  are  reserved  but  that  have  no 

corresponding  memory  image.  No  memory  output  is  generated  for 

gaps.  They  are  displayed  in  the  following  format: 

##  Seg  Off  Size 

where  Seg,  and  Off  are  the  segment  where  the  gap  occurs  and  its  offset 

within  the  segment.  Size  is  the  size  of  the  gap. 

Two  constraints  will  apply  for  valid  object  files:  (1)  every  gap  will 
be  located  entirely  within  its  segment  (Off  +  Size  <  segment  s  size),  and 

(2)  only  code  segments  contain  gaps. 

Each  gap  is  formatted  in  the  object  file  as  follows: 


Bytes 

2 

2 

2 


Item 

Segment  index 

Offset 

Size 


(e)  SYMBOLS  .  ^ 

Each  symbol  is  displayed  in  the  following  format: 

##  Scope  Var  Type  Value  Name 

where  ##  is  the  symbol’s  index,  Scope  is  defined  in  terms  of  the  GLOBAL 
and  DEFINED  attributes  as  follows: 

Scope  ’  GLOBAL  DEFINED 
undefined 

local  x 

external  x 

global  x  x 

Var  is  marked  if  the  symbol  is  a  variable.  Variables  and  globahextemals 
are  disjoint.  Its  type  and  value  will  be  displayed  as  one  of  the  following. 

ADDR  Seg  Offset 
NUM  Value 

The  first  case  indicates  a  symbol  defined  as  an  address.  Its  segment  index 

and  offset  are  then  listed.  The  second  case  indicates  numeric  value.  I  he 

actual  value  is  then  listed.  Offset  and  Value  are  listed  m  hexadecimal 
format.  Neither  the  Offset  nor  Value  are  applicable  if  the  symvol  is  not 
defined  (external  or  undefined).  Seg  is  inapplicable  if  the  symbol  is  totally 

undefined. 

Following  this  is  the  symbol's  name. 

Each  symbol  is  formatted  in  the  object  file  as  follows: 


Bytes  Item 

1  Bit  0:  1  if  variable,  0  if  constant 

Bit  1:  1  if  address,  0  if  numeric 
Bit  2:  DEFINED 

Bit  3:  GLOBAL  2  Segment  index 

2  Offset/Value 

2  L  =  Length  of  symbol  name 

L  Symbol  name 

(f)  EXPRESSIONS  ,  ,  , 

These  items  represent  expressions  that  could  not  be  evaluated  from  the 

information  presented  in  the  source  files.  Expression  evaluation  is  deferred  to 
the  linker  if  the  expression  contains  relative  addresses,  or  external  y  e  l 

symbols. 

They  are  displayed  as  follows: 

##  Line  File  Tag  Args... 

where  the  first  3  items  are  respectively  the  epxressions's  index,  and  the 
line  and  file  where  it  is  defined.  Tag  and  args  will  take  on  one  of  the 

sets  of  values: 


Description 

Number 

Address 

Symbol 

Unary  operation 
Binary  operation 
Conditional 


Args 

Value 

Seg  Offset 

Symbol  Name 
Unary  A 

Binary  A  B 

A  B  C 


where  A  B  and  C  are  indexes  of  previously  defined  expression  occurring 
rarher  in' the'  list.  Symbol  Name  is  the  name  of  the  symbol  which  the  expression 
is  set  to  Seg  and  Offset  are  the  segment  and  offset  of  an  address  expressio  , 
Value  is  the  numeric  value  of  a  numeric  expression,  and  Binary  and  Unary  are 
symbolic  number  for  operators  defiend  as  follows. 

Unary  Operators 
Operator  Value 


Binary  Operators 
Operator  Value 


+ 

31 

32 

* 

33 

/ 

34 

% 

35 

< 

36 

<= 

37 

> 

38 

>= 

39 

— 

40 

!= 

41 

&& 

42 

II 

43 

& 

44 

A 

45 

1 

46 

« 

47 

» 

48 

49 

by 

50 

The  format  of  an  expression  in  the  object  file  is  as  follows: 
Bytes  Item 

2  Line 

2  File 

1  Tag 


with  the  following  cases: 

(i)  Numeric  (Tag  =  0) 

Bytes  Item 

2  Value 

(i)  Address  (Tag  =  1) 

Bytes  Item 

2  Segment  Index 

2  Offset 

(i)  Symbol  (Tag  =  2) 

Bytes  Item 

2  Symbol  Index 

(i)  Unary  operation  (Tag  =  3) 
Bytes  Item 

1  Operator 

2  Expression  A's  index, 

(i)  Binary  operation  (Tag  =  4) 
Bytes  Item 

1  Operator 

2  Expression  A's  index. 

2  Expression  B's  index. 


Number 


Segment:  Offset 


Symbol 


Op  A 


A  OpB 


(i)  Conditional  operation  (Tag  =  5)  A  ?  B  :  C 
Bytes  Item 

2  Expression  A's  index. 

2  Expression  B's  index. 

2  Expression  C's  index. 

(g)  RELOCATIONS  .  r  .  . 

A  relocation  item  indicates  an  unevaluated  expression,  some  information  about 
its  addressing  mode,  and  the  segment  and  offset  where  it  is  to  be  patched.  These 
are  items  that  the  assembler  could  not  properly  determine  because  external 
references  were  used  or  relative  addressing  was  used.  All  relocations  refer  to 
positions  within  code  segments,  since  only  code  segments  have  memory  images. 

A  relocation  item  is  displayed  as  follows: 

Line  File  Tag  Exp  Seg:  Off 

where  Line  and  File  determine  the  corresponding  point  in  the  source  file,  Seg 
and  Off  refer  to  the  location  where  the  patch  is  to  be  applied,  Exp  is  the  item  to 
be  patched,  and  Tag  is  the  type  of  reliocation  defined  as  follows: 


Tag  Description 

b  Byte-sized  constant 

w  Word-sized  constant 

B  Bit  address 

D  Direct  register  address 

Data  address  <  80h  or  SFR  address  >=  80h. 

R  Relative  code  address 

P,  Q  Paged  code  address. 

L  Absolute  (long)  code  address. 

Relocation  items  are  formatted  in  the  object  file  as  follows. 


Bytes 

2 

2 

1 

2 

2 

2 


Item 

Line 

File 

Tag 

Expression  index 
Segment  index 
Offset 


List  of  reported  errors 

Diagnostics  .  ,  .  „  . 

The  assembler  will  only  print  out  a  screenful  of  diagnostics  (24) 

before  it  stops.  When  applicable,  the  file  and  line  number  where  the 
error  occurred  are  given.  An  attempt  is  made  to  indicate  the  line  where 
the  error  actually  occurred,  rather  than  where  its  effects  were  first 


seen. 


Assembly  is  stopped  at  certain  points  if  errors  have  been  detected, 
since  it  would  make  no  sense  to  go  on  past  the  given  point. 

The  following  is  an  alphabetized  listing  of  diagnostics  classified 
by  whether  they  are  fatal  or  non-fatal.  Assembly  always  stops  after  the 
former  but  will  continue  after  the  latter  (until  the  error  limit  is 
reached). 

Internal  errors  should  be  reported  to  me,  see  the  README  file  at 
the  FTP  site  csd4.csd.uwm.edu  in  the  directory  /pub/8051  or 
/pub/micro/8051  for  more  information.  If  you  get  an  internal  error, 
you  should  display  the  object  file  using  the  object  file  display  program 
provided  with  the  assembler.  If  you  want  me  to  resolve  the  bugs  (if  any 
exist)  I  would  need  to  see  this  as  well. 

Alternatively,  the  source  for  the  assembler  is  yours.  If  you  want 
to  make  modifications,  try  your  hand  at  it,  and  if  something  significant 
results  let  everyone  know  by  placing  it  in  the  public  domain. 

(a)  Fatal  Errors 

These  diagnostics  will  cause  assembly  to  stop  immediately,  they 
usually  represent  serious  inconsistencies  or  serious  points  of  confusion 
for  the  assembler  that  makes  further  processing  impossible  or  pointless. 


Address  <Decimal  Numbei>  out  of  range 

The  location  counter  points  to  the  indicated  address,  which  lies  outside 
the  address  space  of  the  current  segment.  These  address  spaces  are  as 
follows: 


Type  Low 

code  0 

xdata  0 

data  0 


High 

65535  (or  ffff  hexadecimal) 
655 35  (or  ffff  hexadecimal) 
255  (or  ff  hexadecimal) 


Attempting  to  write  to  a  non-code  segment. 

This  happens  if  you  try  to  use  any  image  generating  statement  (db/byte, 
dw/word,  or  any  opcode)  in  a  data  or  xdata  segment.  Only  code 
segments  will  accept  these  statements. 

Bad  opcode  initialization. 

This  is  an  internal  error  you  should  never  see.  It  indicates  an  internal 
inconsistency  in  the  assembler's  opcode  tables.  These  tables  are  used  to 
process  the  8051  mnemonics. 

Cannot  fit  segment. 

The  linker  tries  its  best  to  fit  all  the  relatively  addressed  segment  in  the 
tightest  fitting  space  it  can.  It  may  fail  to  pack  them  all  in,  if  they  can 
only  fit  real  tightly,  or  your  segments  may  actually  not  fit  at  all.  Use 


the  object  file  display  program  that  accompanies  this  assembler  to  look 
at  your  object  files  in  some  detail. 

Cannot  open  <FILE>  #  , 

An  file  was  lost  sometime  during  processing,  or  the  tile  named 

probably 

does  not  exist,  or  is  not  readible. 

Cannot  open  object  file  for  <FILE>. 

The  object  file  for  the  source  file  indicated  was  somehow  lost  or  made 
inaccessible  between  the  time  it  was  created  and  the  time  it  was 
processed  by  the  linker. 

Cannot  open  output  file. 

For  some  unexpected  reason,  the  assembler  could  not  create  an  -hex 
output  file.  If  you’re  running  this  on  a  UNIX,  then  you're  probably 
assembling  output  into  a  directory  where  you  have  no  write  access. 
Also  possible:  you  ran  out  of  disk  space. 


Cannot  reopen  <HLE>  .  .  ,  . 

A  failure  to  reopen  the  current  file  after  processing  an  include  file 

occurred.  This  indicates  either  an  internal  flaw  in  the  assembler  or  that 

something  happened  to  the  file  during  assembly. 


Corrupt  object  file  <NAME>.  .  ,  A. A  , 

A  rudimentary  check  are  made  on  object  files.  The  file  indicated  didn  t 

pass  that  check.  It's  was  either  corrupted,  or  the  assembler  itself  has  an 
internal  flaw  that  made  it  produce  corrupt  object  files. 


Could  not  restore  <FILE>'s  position. 

A  failure  to  resume  processing  the  current  file  past  the  most  recent 
include  statement  occurred.  This  indicates  either  an  internal  flaw  m  the 
assembler  or  that  the  file  undergoing  processing  was  corrupted  during 

assembly. 


Could  not  save  <HLB>'s  position. 

A  transient  error  occurred  while  setting  up  to  include  another  file 
This 

is  either  a  serious  system  flaw,  or  an  internal  flaw  in  the  assembler. 


Expression  too  complex  ...  aborting.  . 

If  you  see  this,  you  must  be  Lieutenant  Commander  Data.  An 
expression  has  to  be  pretty  complicated  before  it  confuses  the 
assembler.  Break  it  up  by  symbolically  defining  subexpressions  first. 


Internal  error  (0). 

An  inconsistency  was 
undergoing 


detected  by  the  linker  in  the  object  file 


processing.  A  relocation  item  of  undefined  type  was  found. 

Internal  error  (1).  .  , .  . 

An  inconsistency  was  detected  by  the  linker  m  the  object  tile 

undergoing 

processing.  An  undefined  expression  was  found. 

Internal  error  (2).  ,  „  „  .  ,  _ . 

A  flaw  in  the  assembler  made  it  lose  track  of  all  the  code  segments, 

even 

though  at  least  one  was  defined. 

Internal  error  (3).  ,  , ,  A  A  *  „  ■ 

A  flaw  in  the  assembler  made  it  think  that  a  ds/rb,  or  rw  statement  was 

reserving  memory  outside  the  segment  where  it  was  defined. 

Internal  error  (4). 

A  flaw  in  the  assembler  caused  it  to  try  and  relocate  two  or  more  items 
to  the  same  address.  This  can  also  be  caused  by  a  corrupt  object  file. 

Internal  error  (5).  .  . 

A  flaw  in  the  assembler  caused  it  to  have  trouble  resolvmg  an 

expression  „  ..  tri 

during  linking.  This  can  also  be  caused  by  a  corrupt  object  file. 

Internal  error  (6).  ...  .  . 

A  flaw  in  the  assembler  made  it  fail  to  sort  the  list  of  items  to  be 

relocated.  A  corrupt  object  file  can  cause  this  too. 

Internal  error  (7).  .  .  *  u 

A  flaw  in  the  assembler  made  it  think  it  was  trying  to  patch  up  a  hole  ot 

size  other  than  1  or  2  bytes.  This  can  also  be  caused  by  a  corrupt  object 
file. 

Internal  error  (8). 

The  assembler  is  expecting  an  object  file  larger  than  what  it  sees.  This 
is  the  result  of  either  an  internal  flaw  or  corrupt  object  file. 

Invalid  object  file  <NAME>.  ^  J  T. 

The  first  type  bytes  of  all  object  files  are  55  and  aa  (hexadecimal).  Th 
object  file  undergoing  processing  doesn't  show  this.  It's  was  either 
corrupted,  or  the  assembler  itself  has  an  internal  flaw  that  made  it 
produce  corrupt  object  files. 

Invalid  option:  -<OPTION> 

Only  -c  and  -o  are  recognized. 

Missing  ';'  after  include  statement. 


The  include  statement  (like  all  other  statements)  needs  to  be  followed 
by  a  semicolon,  or  otherwise  be  the  last  statement  on  the  line. 

Missing  filename  in  'include' 

The  include  statement  has  the  form:  include  "FILE'',  with  the  file  name 
enclosed  in  double-quotes,  as  indicated. 

Out  of  memory. 

The  assembler's  resources  exceeded  the  system's  available  space. 

If  this  happens  during  linking  it  may  point  to  the  high  degree  of 
interconnectivity  between  modules  thereby  indicating  a  need  to  make 
the  interfaces  between  modules  more  clean-cut.  If  it  happens  during 
assembly  it  may  point  to  a  need  to  break  the  assembly-language  file  into 

smaller  modules. 

Overlapping  segments:  <FILE>  [<LINE>]  and  <F1LE>  [<LINE>]. 

The  segments  in  the  indicated  places  have  overlapping  ranges  of 
addresses.  Move  one  or  both  of  them,  if  possible. 

Overlapping  segments  at  [<LINE>]  <F1LE>  and  [<LINE>]  <F1LE>. 
This  one  is  actually  an  internal  error. 

Statement  too  complex 

If  you  see  this,  you  must  be  Lieutenant  Commander  Data.  An  statement 
has  to  be  pretty  complicated  with  many  layers  of  ifs  and  else's  and 
brackets  '{’  and  '}'  before  it  confuses  the  assembler.  There  is  no  direct 
recourse  here  other  than  to  try  and  simplify  your  program. 

Too  many  nested  include  files. 

Up  to  5  levels  of  nested  includes  are  allowed. 

Too  many  segments. 

Up  to  32  segments  can  be  defined  per  file.  Any  occurrence  of  the 
org/at  or  seg  statements  will  start  a  new  segment.  The  first  5  segments 
are  defined  by  and  used  internally  by  the  assembler,  which  leaves  you 
with  27. 

Undefined  segment  type.  . 

Only  the  types:  code,  xdata,  or  data  can  be  used  with  the  seg  statement. 

Unexpected  EOF* 

Attempted  to  read  past  the  end  of  an  object  file.The  object  file  is 
corrupt 

Use:  <CAS>  -c  File...  to  assemble. 

At  least  one  input  file  should  be  listed  with  the  -c  option. 

Use:  <CAS>  -o  Output  File...  to  link. 


At  least  one  source  or  object  file  should  be  listed  with  the  -o  option. 

Use:  <CAS>  [-o  Output]  File...  to  link. 

At  least  one  source  or  object  file  should  be  listed  with  the  -o  option  or 
with  no  options. 

(b)  Non-Fatal  Errors 

These  are  errors  the  assembler  will  attempt  to  recover  from  and 

continue 
processing  after. 

Address  <NAME>  redeclared  as  number:  <FILE>  <FILE> 

The  symbol  indicated  was  declared  as  a  global  number  in  the  first 
indicated  files  and  as  a  global  address  in  the  second. 


Address  cannot  appear  in:  x?  x:  x. 
Addresses  cannot  be  used  as 


conditions  of  conditionals  in  the 


combination 

address?  x:  x.  Only  numeric  values  can  be  used  there. 


Address  cannot  be  used  with  infix  operator. 

The  only  allowable  combinations  of  addresses  involving 

are  pretty  much  like  in  C: 
number  +  address 

address  +  number  address  -  number 


infix  operations 


In  addition,  the  combination  reg.bit 

can  be  used  for  bit  addressible  registers  reg 


and  values  of  0  to  7  for 


"bit". 


Address  cannot  be  used  with  prefix  operator.  . , 

Prefix  operators  other  than  +  (-,  !,  high,  low)  can  only  be  used  with 

numeric  values,  not  addresses. 


Address  of  wrong  type  in  reg.pos  . 

Only  data  or  sfr  addresses  can  be  used  in  the  place  referred  to  (  reg  ). 

Address  type  mismatch.  .  .  .  .  ... 

Rudimentary  type-checking  is  done  for  operations  mvolvmg  1 
addresses,  data  and  sfr  addresses,  or  code  addresses.  Type  checkin*,  1 
not  done  on  xdata  addresses,  as  there  are  not  8051  operations  that 
directly  involve  such  addresses. 

Addresses  of  different  types  cannot  be  subtracted. 

Addresses  must  be  of  the  same  type  in  order  to  be  subtracted.  They  can 
be  of  different  segments,  however,  as  long  as  the  segments  have  the 

same  type. 

Attempting  to  make  local  label  global. 


Local  (numeric)  labels  cannot  be  made  global. 

Attempting  to  redefine  <NAME> 

The  label  indicated  was  used  in  the  context  LABEL:,  but  is  alrea  y 
defined. 

Bad  hexadecimal  character.  „  TT^-  ,  u  Axr 

A  hexadecimal  character  takes  the  form:  NxHK  or  \XHK,  where  H  an 
are  hexadecimal  digits.  Exactly  two  hex  digits  must  be  seen.  An  \x  by 
itself  without  any  following  hexadecimal  digits  is  interpreted  as  just  x. 

Binary  number  has  non-binary  digits.  __  ,,  m 

A  number  with  a  binary  prefix  (Ob,  OB)  or  binary  suffix  (b,  B)  can 

only 

contain  the  digits  0  and  1  • 

Bit  address  out  of  range.  .  n 

Bit  addresses  range  only  from  0  to  ff  hex  (0  to  255  decima ). 

Bit  position  out  of  range.  „  „ 

The  operation  reg.pos  only  allows  values  of  0  to  7  tor  pos  . 

Byte  value  out  of  range  (hex  value). 

An  immediate  byte  value  in  the  range  -80  (hex)  to  ff  (hex)  (or  -128  to 
255)  is  required  in  this  context. 

Cannot  use  @A+A  .  . 

Only  @A+DPTR,  and  @A+PC  can  be  used  with  the  8051  languaGe. 

Cannot  use  @A+AB.  .  0ach 

Only  @A+DPTR,  and  @A+PC  can  be  used  with  the  8051  language. 

Cannot  use  @A+C. 

Only  @A+DPTR,  and  @A+PC  can  be  used  with  the  8051  language. 
Cannot  use  @A+Rn 

Only  @A+DPTR,  and  @A+PC  can  be  used  with  the  8051  languace. 

TheTonly  valid  combinations  using  @  are  @R0,  @R1,  @DPTR, 
@A+DPTR,  and  @A+PC. 

Cannot  use  @AB.  ^r-iirrD 

The  only  valid  combinations  using  @  are  @R0,  @R1,  @D  , 

@A+DPTR,  and  @A+PC. 

T^only  valid  combinations  using  @  are  @R0,  @R1,  @DPTR, 
@A+DPTR,  and  @A+PC. 


Cannot  use  @PC.  ^otrro 

The  only  valid  combinations  using  @  are  @R0,  @R1,  @DPT 

@A+DPTR,  and  @A+PC. 

Cannot  use  PC  as  a  register.  .a 

PC  only  appears  in  the  combination  @A+PC  in  the  statement  move  A, 

@A+PC. 

Code  address  out  of  range.  .  _  „ 

Code  addresses  can  only  range  from  0  to  ffff  hex  (or  0  to  65535 

decimal). 

Data  address  out  of  range. 

Only  direct  data  register  addresses  (0  to  7f  hex,  or  0  to  127),  or  special 
function  register  addresses  can  be  used  here. 

Decimal  number  has  non-decimal  digits. 

The  number  indicated  has  hexadecimal  digits  (a  through  f,  or  A  throug 
F)  but  no  hexadecimal  prefix  (Ox,  OX,  Oh,  OH)  or  suffix  (h,  H,  x,  X). 

Division  by  0. 
x  /  0  is  not  defined. 

Empty  character  constant. 

A  single  quote  cannot  be  quoted  as  a  character  (  ).  Use  \  instead. 
Alternatively,  you  attempted  to  define  an  empty  string  (  )  with  single 
quotes. 

Expected  an  argument/prefix  operator.  ^ 

The  expression  indicated  is  probably  missing  a  prefix  operator, 

symbol  or  constant,  or  an  opening  parenthesis  '('. 

Expected  segment  type. 

The  statement:  seg  Type,  must  have  Type  code,  xdata,  or  data. 

Expected  symbol  after  ’global' 

Only  symbols  can  be  declared  as  global. 

Expected  symbol  in  'extern' 

Only  symbols  can  be  declared  as  external. 

Expected  type  or  'equ'  after  'extern .  .  .  ,  , 

External  symbols  must  be  declared  as  a  type  (sfr,  bit,  code,  data,  xdata) 
or  as  a  numeric  constant  (equ).  The  valid  forms  are. 
extern  (sfr,  bit,  code,  data,  xdata,  or  equ)  Symbol,  ...,  Symbol 

Expression  type  does  not  match.  ^  f  , 

The  expression  occurring  on  the  right  hand  side  of  the  statement  of  the 

form:  Symbol  Type  Value,  does  not  have  the  indicated  type. 


Extr^  ^  * 

An  extra  command  was  inserted  after  the  last  operand.  Alternatively, 
the 

operand  following  the  last  comma  is  missing. 

Illegal  combination:  address  +  address 

Only  numeric  values  can  be  added  to  or  subtracted  from  addresses.  The 
rules  for  address  arithmetic  are  basically  like  those  in  C. 

Illegal  combination:  number  -  address 

Numbers  can  only  be  subtracted  from  addresses,  not  the  other  way 
around.  The  rules  for  address  arithmetic  are  basically  like  those  m  C. 

Illegal  combination:  reg.bit  .  - 

Only  numeric  values  in  the  range  0  to  7  can  be  used  m  place  of  bit  , 

not  addresses. 

Indirect  registers  are  not  bit  addressible. 

The  register  referred  to  ("reg")  must  be  a  data  address  m  the  range  20- 
2f.  The  address  referred  to  lies  above  80  (hex).  It  is  possible  you  may 
have  meant  to  use  a  Special  Function  Register  here,  not  a  data  address. 

Invalid  addressing  mode:  <MNEMONIC> 

This  mnemonic  is  not  defined  for  this  combination  of  operands. 

Missing  '('  in  ’if  (•••)'•  ..  .  ,  .  r 

The  if  statement  must  have  the  form:  if  (x) ...,  as  it  does  in  C. 

Missing 

An  unmatched  closing  parenthesis,  or  possibly  an  extra  opemng 
parenthesis,  '(’>  occurred. 

Missing  ')'  in  'if  (•••)'•  .  ,  .  n 

The  if  statement  must  have  the  form:  if  (x) ...,  as  it  does  in  u 

Missin° ... 
The  conditional  indicated  is  missing  a  colon.  Conditional  expressions 

have  the  form  x?  x:  x. 

Missing  *•' 

Semi-colons  must  be  used  between  two  or  more  statements  on  the  same 
line.  You  may  have  mistyped  a  colon  (:)  instead. 

Missing  '}'.  . 

An  opening  bracket '{'  was  never  closed  off  with  a  ) . 

Missing  DPTR  or  PC  after  @A+ 

Only  @A+DPTR,  and  @A+PC  can  be  used  with  the  8051  language. 


Missing  a '  in  character  constant.  t 

No  more  than  one  item  can  be  enclosed  between  single  quotes  (e.g.  ab , 
or  ’a\n\  though  'W  is  okay.)  You  may  have  meant  to  define  a  stnng 

here.  Use  double  quotes. 

Modulo  by  0 
x  684s  not  defined. 

Number  <NAME>  redeclared  as  address:  <F1LE>  <FILE> 

The  symbol  indicated  was  declared  as  a  global  address  in  the  first 
indicated  files  and  as  a  global  number  in  the  second. 

Octal  number  has  non-octal  digits. 

A  number  with  an  octal  prefix  (0,  other  than  those  with  an  appropriate 
suffix),  or  an  octal  suffix  (o,  O,  q,  Q)  can  only  contain  the  digits 

through  7. 

Only  code,  xdata,  or  data  segments  allowed. 

The  types  sfr  and  bit  cannot  be  used  with  segments. 

Paged  address  out  of  range.  .  ... 

Paged  jump  or  call  instructions  (ajmp,  acall)  must  have  destinations  that 
lie  on  the  same  code  page  (every  800  hex  bytes,  starting  at  0  is  a  code 
page).This  only  happens  when  your  program  gets  beyond  a  certain  size, 
or  when  it  is  located  at  an  odd  address  (such  as  7ff  hex).  Generally,  it  s 
a  good  idea  to  start  your  programs  on  even  multiples  of  800  hex. 
Stand-alone  programs  have  to  start  at  the  reset  address  (0)  anyway. 

Redeclaring  address  <NAME>  as  number. 

A  symbol  already  defined  as  an  address  is  being  declared  as  an  external 
numeric  value. 

Redeclaring  local  symbol  <NAME>  as  external. 

A  symbol  already  defined  as  a  local  symbol  is  being  defined  as  external. 
This  may  also  be  a  name  clash  between  a  local  and  global  symbol. 

Redeclaring  number  <NAME>  as  address. 

A  symbol  already  defined  as  a  number  is  being  declared  as  an  external 
address. 


Register  address  out  of  range.  .  .  _  _  , 

Only  directly  addressible  data  registers  (0  to  7f  hex,  or  0  to  127)  can  be 
used  here.  This  error  may  have  inadvertently  been  created  by  the 
assembler  if  you  defined  relatively  addresses  data  registers,  and  the 
assembler  tried  to  map  them  beyond  80  hex.  See  the  Bugs  section  of  the 
document. 


Register  in  @Rn  out  of  range. 

Only  registers  RO  or  R1  can  be  used  as  register  pointers. 

Register  in  reg.bit  not  bit  addressible.  . 

The  register  referred  to  ("reg")  must  be  a  data  address  in  the  range  20- 
2f  (hexadecimal,  32-47  decimal),  or  must  be  one  of  the  Special  Function 
Registers  whose  address  is  evenly  divisible  by  8  (in  hexadecimal:  80, 

88,  90,  ...,  fO,  f8). 

Register  must  appear  after  @. 

Numeric  or  address  expressions  cannot  appear  after  @. 

Relative  address  cannot  be  used  here 

Only  absolute  addresses,  or  numeric  values  containing  objects  that  have 
been  previously  defined  (in  terms  of  other  such  absolute  objects)  can 
appear  in  the  conditional  (if  (E)  ...),  or  in  address  setting/modifying 
statements  (org/at,  ds/rb,  rw). 

Relative  address  out  of  range.  . . 

Some  jump  instruction  (cjne,  djnz,  sjmp,  jz,  jnz,  jc,  jnc,  jbc,  jb,  jn  ) 
require  their  destinations  to  be  within  a  certain  range  (-80  hex  to  +71 
hex)  of  the  first  byte  following  the  jump  instruction.  Generally,  you 
should  not  use  these  operations  to  jump  across  segment  boundaries  when 
one  or  more  of  the  segments  is  relatively  addressed. 

SFR  address  out  of  range.  ,  .  . 

Special  function  register  addresses  can  only  have  values  in  the  range  (80 

to  ff  hex,  or  128  to  255  decimal). 

Symbol  <NAME>  already  declared  as  external  number. 

The  symbol  indicated  was  declared  as  an  external  numeric  constant  but 

was  defined  as  an  address. 

Symbol  <NAME>  already  declared  as  external. 

The  symbol  indicated  was  already  declared  as  an  extemal/global,  and  so 
cannot  be  defined  as  a  variable,  or  local  constant.  If  you  had  intended 
to  define  it  as  a  global  constant,  precede  the  definition  with  the  word 
'global'  or  ’public’. 

Symbol  <NAME>  already  declared  as  number. 

The  symbol  indicated  was  used  in  the  context  LABEL:,  but  is  already 
declared  as  a  numeric  constant. 


Symbol  <NAME>  already  defined  as  constant. 
Constant  symbols  cannot  be  redefined  as  variables. 

Symbol  <NAME>  already  defined. 

Constant  symbols  can  only  be  defined  once. 


Symbol  <NAME>  cannot  be  equated  to  relative  address. 

The  symbol  indicated  was  declared  as  an  external  numeric  constant.  It 
can  only  be  set  to  an  absolute  address  or  numeric  value. 

Symbol  <NAME>  cannot  be  set  to  relative  address. 

Variables  can  only  be  set  to  absolute  addresses,  or  numbers. 

Symbol  <NAME>  redefined:  <FILE>  <FILE>. 

The  symbol  indicated  was  defined  as  a  global  in  both  of  the  files  listed. 
It 

can  only  be  defined  as  a  global  once. 

Symbol  <NAME>'s  type  does  not  match.  , 

The  symbol  indicated  was  declared  as  an  external  of  one  type  and 
defined  as  a  global  of  a  different  type. 

This  statement  so  totally  eluded  the  assembler  s  ability  to  process  it  that 
it  didn't  even  know  what  you  intended.  This  can  also  occur  if  it  gets  se 
off-track  as  a  result  of  previous  errors. 

Too  many  arguments  specified. 

More  operands  were  supplied  than  is  accepted  by  this  mnemonic. 

Too  many  gaps.  ,,  ,  u 

Each  time  you  issue  a  statement  to  the  assembler  to  reserve  space  (ds/rb, 

rw)  the  assembler  internally  creates  a  gap  for  it.  No  more  than  256 
such  statements  can  occur  per  file.  You  should  probably  break  this  fil 

into  smaller  modules. 

Type  mismatch  <NAME>:  <FILE>  <FILE> 

The  symbol  indicated  was  declared  as  a  global  with  different  types  in 
the  files  indicated. 

Type  mismatch:  <NAME>.  .  .  ,  .  ,  „ 

A  symbol  already  defined  as  an  address  of  one  type  is  being  declared  as 

an  address  of  another  type. 

Undefined  expression  ,  t  .  ^ 

The  expression  indicated  must  be  defined  either  as  an  absolute  or 

relative  address,  or  number  in  this  statemen.  This  occurs  in  any 

statement  where  a  new  label  is  being  defined. 

Undefined  label  <DIGIT>  . 

A  numeric  label  was  used  in  a  forward  reference  (e.g.  II,  ll,  ,  ••■)■> 
but  was  not  defined  anywhere  in  the  current  segment.  Numeric  labels 
can  not  be  referenced  across  segments. 


Undefined  local  symbol  <DIGIT>b  , 

A  backward  reference  was  made  to  a  numenc  label  (e.g.  lb,  IX),  3X),  ...; 
that  was  not  previously  defined  in  the  current  segment.  References  to 
numeric  labels  cannot  be  made  across  segments. 

Undefined  symbol:  <NAME>  .  . 

If  a  line  number  and  file  are  indicated,  then  either  the  symbol  is  being 
used  on  the  right  hand  side  of  a  label  definition  (in  which  case,  its  value 
must  be  an  already  known  absolute  address,  or  number),  you  may  be 
using  a  mnemonic  not  known  to  the  assembler,  may  have  misspelled  one 
that  is  known,  or  you  may  have  tried  to  write  a  label-defining  statement 
but  made  an  error  somewhere. 

If  no  line  and  file  numer  are  indicated,  the  symbol  indicated  was  used  m 
the  file  without  ever  being  defined.  It  needs  to  be  declared  as  an 
external  (if  it  is  defined  in  another  file)  or  needs  to  be  defined  before  it 

is  used. 

Unexpected  EOF  inside  //  comment.  . 

A  //  comment  occurred  at  the  end  of  the  current  file,  and  no  end  of  lm 
marker  was  seen.  This  indicates  your  source  file  is  not  in  text  mode. 

Unexpected  EOF  inside  ;;  comment.  .... 

A  ■;  comment  occurred  at  the  end  of  the  current  file,  and  no  end  of  n 
marker  was  seen.  This  indicates  your  source  file  is  not  in  text  mode. 

Unexpected  EOF  inside  comment. 

A  /*  comment  was  seen,  but  was  never  closed  with  a  /. 

Unexpected  EOF  inside  string. 

A  double  quote  was  seen  without  a  matching  pair  anywhere. 

Unresolved  external:  <NAME>.  j 

A  symbol  was  declared  as  an  external  but  wasnt  defined  anywhere.  It 
it's  a  register  or  bit  address  defined  for  one  of  the  8051  extensions 
(8052,  or  8051fa),  you  will  have  to  use  one  of  the  include  files  provided 
(8052.h  or  8051fa.h),  or  make  your  own. 

Variables  cannot  be  made  global. 

The  keyword  'global'  cannot  be  used  with  the  statements  Var  =  Val,  or 
Var  set  Val.  Variables  can  only  be  defined  as  local  symbols. 

Word  value  out  of  range. 

An  immediate  word  value  (range  -8000  to  ffff  hex,  or  -32768  to  65535 
decimal)  is  required  here. 

8051  RELOCATER,  notes  on  use. 

(0)  COMMAND  LINE,  INPUT  FORMAT 


This  is  a  simple  utility  to  relocate  hex  files.  A  typical  use 
would  be  the  following:  you  assemble  a  stand-alone  program  for 
address  0.  However, when  loading  the  program  in  preparation  to 
blast  it  into  EPROM,  you  have  to  upload  it  to  memory  address 
4000  and  then  blast  it  to  address  0. 

The  typical  conmmand  line  for  this  utility  is: 

reloc  Offset  File 

For  example: 

reloc  4000  debug 

will  take  the  file  debug.hex  and  generate  the  output  in  debug.hx. 

The  input  file  must  be  suffixed  in  .hex,  and  the  output  will  always 
have  the  .hx  suffix. 

The  offset  must  be  a  4-digit  hexadecimal  number.  The  source  file's 
addresses  are  shifted  by  the  amount  indicated  by  this  offset.  Address 
calculations  are  done  modulo  10000  hex,  so  an  offset  of  cOOO  will 
effectively  shift  addresses  at  or  above  4000  back  by  4000. 

SEMI.C,  notes  on  use. 

(0)  COMMAND  LINE,  INPUT  FORMAT 

This  utility  will  convert  standard  8051  comments  into  a  form  that  can 
be  accepted  by  this  assembler  by  substituting  every  semicolon  by  a  double 
semicolon. 

The  typical  conmmand  line  for  this  utility  is  as  follows: 

semi  clnput  >Output 


Listing  of  the  sequencer  program. 

Use  this  file  for  preliminary  reference.  If  you  need  to  program  a 
87C750,  check  the  latest  version  through  ftp  at  rossini.obs-mce.tr 
The  main  modes  are  supported  in  this  version.  More  will  be  added  later. 

• •  OCA  CCD  sequencer  program  -  VI . 0 
\ •  Alain  Maury  -  Herve  Viot 
• ;  December  1994  -  March  1995 


;;  Definition  of  the  I/O  port  bits 


Al  equ  P3.0 
A2  equ  P3.1 
A3  equ  P3.2 
CASC  equ  P3.7 

HI  equ  Pl.O 
H2  equ  Pl.l 
H3  equ  PI. 2 
OSG  equ  PI. 3 
RG  equ  Pi. 4 
CLl  equ  Pi. 5 
CL2  equ  PI. 6 
STCVT  equ  Pi. 7 

com_read  equ  PO.l 
com  dat  equ  P0.2 


Variables  stored  in  RAM 


rrfrg>c;g>  ara  preloaded  inside  the  functions 

or  by  the  serial  link  at  the  start  of  an  exposure 


seg  data  at  0 
RAM  equ  20 
C_LN_1  equ  RAM 
C_LN_2  equ  RAM+1 
C_CN_1  equ  RAM+2 
C_CN_2  equ  RAM+3 
C_NE_1  equ  RAM+4 
C_NE_2  equ  RAM+5 
C_ID_1  equ  RAM+6 
C_ID_2  equ  RAM+7 
C_T_1  equ  RAM+8 
C_T_2  equ  RAM+9 
C_T_3  equ  RAM+1 0 
C  T_4  equ  RAM+1 1 


; ;  Current  Line  Number 
;;  Current  Column  Number 
; ;  Current  Number  Erase 
. .  Delay  for  vertical  inversion 
;;  Timer  used  for  scan  application 


; ;  Variables  used 
C_VS_1  equ  RAM+1 2 
C_VS_2  equ  RAM+1 3 
C_HS_1  equ  RAM+1 4 
C  HS_2  equ  RAM+1 5 


for  the  windowed 
; ;  Current 

; ;  Current 


mode 

Vertical  Start 
Horizontal  Start 


. .  Current  Vertical  Length 
. ;  Current  Horizontal  Length 


C  VL_1  equ  RAM+16 
C~VL_2  equ  RAM+17 
C  HL_1  equ  RAM+18 
C  HL_2  equ  RAM+19 


seg  code  at  0 


INIT: 

; ;  Interrupts  disabled 

;;  initialisation  of  the  I/O  ports  at  their  reset  value 

MOV  PI ,#0x81  7  7  and  STCVT 

• ;  camera  rest  mode 

MOV  P3,#0x00  77  vertical  lines  at  zero 

•;  waiting  for  an  order  to  come  : 

START: 

comm  is  the  general  communication  routine  ^weenan 
87C750  and  its  master  through  a  synchronous  serial  link. 
Acc  is  now  loaded  with  a  code  which  should  be  the  mode  m 
which  the  camera  is  going  to  be  used 


t  r 
•  • 
t  r 


9  9 


9  9 


MOV  DPTR ,  #SELECTI0N 
JMP  @A+DPTR 


SELECTION: 


AJMP  START 
AJMP  STARE 
AJMP  BIN 
AJMP  TEMP 
AJMP  TRAP 


null  transmission,  return  to  start 
Stare  exposure 
stare  with  binning 

Transmit  a  single  temp,  measurement 
Test  for  traps  in  CCD 


; ;  The  following 
implemented 

AJMP  SCAN 
AJMP  S_SCAN 
AJMP  WIN 
AJMP  BAFAG 
AJMP  GEO 


are  not  finished  and  tested  or  not  yet 
• ;  scan 

; ;  smooth  scan 

; ;  windowed  mode 

;;  back  and  forth  autoguidmg 

* .  geostationnary  satellite  detection 


•;  CCD  clocking  primary  sequences 

•  • 


;;  Vertical  transfert 

;;  Set  at  20.13  microseconds,  maybe  too  slow 


•;  During  readout,  the  charges  are  transfered  in 
•;  the  l->2->3->l  direction 
VT:  SETB  Al  7 7  Al  high 

ACALL  DELAY_V  .  .  . 

SETB  A2  ;;  Al  and  A2  high 


ACALL  DELAY_V 
CLR  Al 

ACALL  DELAY_V 
SETB  A3 
ACALL  DELAY_V 
CLR  A2 

ACALL  DELAY_V 
SETB  Al 
ACALL  DELAYJV 
CLR  A3 

ACALL  DELAY_V 
CLR  Al 

ACALL  DELAY_V 
RET 


;;  A2  high 

;;  A2  and  A3  high 

;;  a3  high 

•;  Al  and  A3  high 

;;  Al  high 

; ;  Everybody  low 

* ;  return  from  subroutine 


Vertical  transfert  in  the  reverse  direction 

During  reverse  readout,  the  charges  are  transfered  in  the 
2->l->3->2  direction 


RVT:  SETB  A2 

ACALL  DELAY_V 
SETB  Al 
ACALL  DELAY_V 
CLR  A2 

ACALL  DELAY_V 
SETB  A3 
ACALL  DELAY_V 
CLR  Al 

ACALL  DELAY_V 
SETB  A2 
ACALL  DELAY_V 
CLR  A3 

ACALL  DELAYJV 
CLR  A2 

ACALL  DELAYJV 
RET 


•*  A2  high 

; ;  A2  and  Al  high 

;;  Al  high 

;;  Al  and  A3  high 

••  a3  high 

• ;  A2  and  A3  high 

;;  A2  high 

; ;  Everybody  low 

; ;  return  from  subroutine 


;;  vertical  transfert 

DELAY_V: 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

RET 


delay 

Delay  during  vertical  transfert 
;•  8  NOPs  =2.5  microseconds 


•;  return  from  subroutine 


;;  Fast  horizontal  transfert  without  digitisation 

used  during  the  beginning  of  the  windowed  mode 
FHT: 


SETB  H2 
CLR  HI 
SETB  H3 
CLR  H2 
SETB  Hi 
CLR  H3 
RET 


Hi  and  H2  high 
H2  high 
H2  and  H3  high 
H3  high 

Hi  and  H3  high 
Hi  high 

return  from  subroutine 


Horizontal  transfert  with  digitisation 

uprrical  transfert  has  been  done  witn~Hl  high,  and 
trSsfer^Slone  in  the  Hl>H2>H3>Hl>OSG  direction 
the  length  of  this  procedure  is  14  cycles,  or 
“l  a  master  clock  of  32  MHz,  5.25  microseconds 

• 

MOV  PI,  #10111101B 
MOV  PI,  #10001100B 
MOV  PI,  #10001110B 
MOV  PI,  #10001010B 
MOV  Pi,  #10001011B 
MOV  Pi,  #10001001B 
MOV  Pi,  #10001001B 
MOV  PI,  #10001001B 
MOV  PI,  #11001001B 
MOV  Pi,  #11000001B 
MOV  Pi,  #11000001B 
MOV  Pi,  #11000001B 
MOV  Pi,  #00000001B 
MOV  Pi,  #10100001B 
RET 


; ;  Horizontal  transfert  during  binning  mode 

!:  The  direction  of  the  transfert  is  of  S^Irse  the  same 

as  in  normal  horizontal  transfert,  6  extra,  g^lesa: re  ^ 
..  added  at  the  beginning  of  the  procedure,  total  time 
••  cycles  =7.5  microseconds 
BHT: 

MOV  PI,  #10111101B 
MOV  PI,  #10001100B 
MOV  Pi,  #10001110B 
MOV  Pi,  #10001010B 
MOV  PI,  #10001011B 
MOV  Pi,  #10001001B 
MOV  Pi,  #10111101B 
MOV  Pi,  #10001100B 
MOV  PI,  #10001110B 
MOV  Pi,  #10001010B 
MOV  PI,  #10001011B 
MOV  Pi,  #10001001B 
MOV  PI,  #10001001B 
MOV  PI,  #10001001B 
MOV  PI,  #11001001B 


MOV  PI,  #11000001B 
MOV  Pi,  #11000001B 
MOV  PI,  #11000001B 
MOV  Pi,  #00000001B 
MOV  PI,  #10100001B 
RET  ?  7 


return  from  subroutine 


; ;  vertical  Line  Inversion 

•  •  used  to  produce  the  anti  blooming  mode 
VLI : 


OKL  C,A1 
MOV  Pi, #0x03 
ACALL  DELAY_V 
MOV  A2,C 
CPL  C 
MOV  Al,C 
CLR  C 
RET 


Set  carry  bit  if  P1.0  ==  1 
Al  and  A2  set  high 
Wait  a  bit 

A2  is  set  to  Al  former's  value 
Carry  bit  complement 
Al  is  inverted 
Carry  is  cleared 
return  from  subroutine 


;;  Chip  full  readout 

\\  it  is  not  possible  to  interrupt  this  routine  once 
;;  it  has  started  readout: 

•  •  Number  of  line  =  2048  =  0X0800  AO,A 

;;  Number  of  pixels  per  line  =  2064  =  0x0810 

MOV  C_LN_1  ,#0x08  77  Number  of  lines 

MOV  C_LN_2 ,#0x00 

LinHcmLf^t:  ;;  Vertical  transfert 

MOV  C_CN_1  ,#0x08  7  7  Number  of  pixels  reset 

MOV  C_CN_2 , #0X 1 0 

pixel  transfert :  ..  pixel  digitisation 

DJNZ  C_CN_1,  pixel_trans f ert  ;;  Decrement  pixel  count 

DJNZ  C  LN  1,  line_trans  f ert  ;;  Redo  another  line 

~  —  ••  return  from  subroutine 


; ;  Stare  exposure  procedure 

^Line6 inversion  frequency  =300  Hz,  C_ID  =^  2300  =  OxOSFC 

”  ;;  vertical  line  rnversron 

MOV  C_ID_l,#0x08 
MOV  C_ID_2,#0xFC 

delayj|tco^read,  end_expo  ;;  if  com_read=l,  end_expo 

DJNZ  C_ID_2,delay_stare 
MOV  C_ID_2 ,#0x00 
DJNZ  C  ID_1 , delay_stare 
AJMP  exposure  7 7  continue 

end_expo: 


continue 


RET 


; ;  Scan  exposure  procedure 


•■“t^tart^with  a  vertical  transfert,  then  a  sequence  of  8 
readout  of  2+256  pixels  plus  a  vertical  line  inversion  ), 

. .  allows  to  read  the  line  while  doing  a  periodic  line 

inversion.  Once  a  line  has  been  read,  the  camera  places 
*•  itself  in  wait  mode,  while  continuing  periodic  line 

*•  Th^value  sent  by  the  computer  in  order  to  synchronise 
' ;  the  scan  with  the  motion  of  the  sky  across  the  CCD  is 
a  byte  representing  the  total  number  of  !ine  inversion 
• •  plus  2  bytes  giving  the  remaining  number  of  CPU  y 
••  required  to  achieve  a  correct  synchronisation. 

• ;  C  T  1  ; ;  Timers  used  for  scan  application 

;  ;  C~T~2 
;;  C_T_3 

:?.  border  to  use  another  anti  blooming  pumping  frequency, 
^  it  ?s  necessary  to  use  split  the  line  in  ^her  packets 
;;  of  pixels,  in  order  to  make  things  easily,  it  is  possible 
••  to  read  a  line  as  a  single  2064  pixels,  or  2x1032,  or 
3x688,  or  4x516,  or  any  other  combination  leading  to  a 
**  total  of  2064  pixels. 


begin_scan  ^  . .  vertical  transfert 

MOV  R0,  #0x08  ;;  8  burst  of  258  pixels 

; ;  to  read  2064  pixels 

r6&d  scan  lines  t  ,  _  /  oco  -  +  9  ^ 

"ACALL  HT  7  7  first  2  pixels  (258  2  ) 

vrnp  ••  set  to  compensate  for  the 

NOp  ; ;  timing  in  the  following  loop 

ACALL  HT 

MOV  B,  #0x00  ; ?  loop  to  get  the  other  256  pixels 

scanjpix: 

ACALL  HT 
DJNZ  B,  scan  pix 

ACALL  VLI  ;;  vertical  Jine Kinve^^n, 

DJNZ  R0,  read_scan_line  ;;  Line  has  been  r®ad  . 

;;  The  line  has  been  read,  now  we  wait  the  required  tim 
;;  till  the  next  vertical  transfert  _  rwnflFr 

;;  Line  inversion  frequency  -300  Hz,  C_ID  2 
MOV  C_ID_1  ,#0x08 
MOV  C_ID_2,#0xFC 

dSlayjB  com_read,  end_scan  ;;  if  com_read==l,  end_expo 
DJNZ  C_ID_2 , delay_scan 
MOV  C_ID_2  ,#0x00 
DJNZ  C  ID  1, delay  scan 

ACALL  VLI"  ; ;  vertical  line  inversion 

AJMP  begin_scan  } 7  continue 

end_scan:  ..  Exit  from  Scan  mode 


if  com_read==l,  end_expo 


Vertical  line  inversion 
continue 

Exit  from  scan  mode 


•;  back  and  forth  shifting  of  charges 

;;  used  to  test  traps  in  the  CCD 

5  shifts  one  way  and  the  other  are  made  255  tunes 


baf : 

MOV  B,  #0xFF  ;?] 
start_baf : 

ACALL  VT 

ACALL  VT 

ACALL  VT 

ACALL  VT 

ACALL  VT 

ACALL  RVT 

ACALL  RVT 

ACALL  RVT 

ACALL  RVT 

ACALL  RVT 

DJNZ  B,  start_baf 

RET 


;;  preload  A  with  255 


;;  Erase  sequence,  C_NE  (  3x2048)  vertical  transferts 

•  •  _  — 

f  r - - - - — - 

erase: 

C  NE  =  2*2048  =  6144  =  0x1800  ...  _ 

mov  c_ne_i f  #0x 1 8  ;;  C_CE  1S  l°aded  Wlth  CE 

reset_NE_2 : 

MOV  C_NE_2 , #0x00 
begin_erase : 

DJNZ  C  NE  2,  begin_erase  ;;  C_NE_2  vertical  transferts 
DJNZ  C  NE  1,  reset_NE_2  ;?  C_NE_1  x  C_NE_2  vert. 

“  “  ; •  transferts 

RET 


•;  2x2  Binning  readout  sequence 


•*  This  sequence  cannot  be  interrupted  when  started 

bin  readout:  _  _  _  _ 

; ; Number  of  lines  in  binning  mode  =  1024  -  _  0  0408 

;; Number  of  pixels  per  lines  in  binning  mode  -  1032  -  0x0408 
MOV  C_LN__1,#0X04  7  7  Store  m  C_LN_1 

1  t  b  2i  _  tm  n 

MOV  C_LN_2  ,#0x00  7  7  Store  in  C_LN_2 

line  transfert  b:  ^ 

ACALL  VT  j 7  two  vertical  transferts 

ACALL  VT 

MOV  C_CN_1  ,#0x04  7  7  Store  in  C_CN_1 

^  MOV  C_CN_2,#0x08  77  Store  in  C_CN_2 

pixel  transfert  bi  ,  .  .  , 

y  ACALL  BHT  “  > ?  binning  mode  readout 

DJNZ  C  CN  2,  p ixe  1  trans  f e r t  b  r  pm  9 

-  -  ; ;  first  loop  for  C_CN_2 


DJNZ  C_CN_1, 
readout 

DJNZ  C_LN_2 , 

DJNZ  C  CN  1, 


RET 


p  t  t>  2  ; ;  second  loop  for  horizontal 


line  transfert_b 

• ;  first  loop 


for  C  LN  2 


1  t  b  2 


f  / 
•  • 
r  r 


second  loop  for  line  transfert 
return  from  subroutine 


; ;  exposure  procedures 


•  •  _ 

••  CCD  clocking  secondary  procedures 

STARE :  ;;  Stare  exposure  starts  right  away 

ACALL  erase 
ACALL  exposure 
ACALL  readout 

ajmp  start 


QrAN*  f f  scan  , 

. .  The  four  following  variables  correspond  to  the  time 
"  interval  required^between  the  end  of  the  horizontal 
readouts  and  the  start  of  the  next  line  transfert 
It  is  calculated  by  the  PC 


r  t 


ACALL  Comm 
MOV  C_T_1 ,  A 
ACALL  Comm 
MOV  C_T_2 ,  A 
ACALL  Comm 
MOV  C_T_3 ,  A 
ACALL  Comm 
MOV  C  T  4,  A 


ACALL  erase 
ACALL  scan_readout 
ACALL  readout 
AJMP  START 


•  •  a  is  loaded  with  CJT_1 
; ;  A  is  loaded  with  C_T_2 
..  a  is  loaded  with  C_T_3 
;;  A  is  loaded  with  C_T_4 

• ;  Empties  the  CCD 


S_SCAN:  77  smooth  scan 

;;  Not  implemented  yet 

•  • 
f  r 


f  t 


JL1V/W  -  —  —  JL  , 

The  idea  is  to  transfert  charges  by 
see  if  it  improves  the  image  shape, 


a  third  of  a  pixel  to 
as  well  as  astrometry 


AJMP  START 


;•  stare  with  binning 

ACALL  erase 
ACALL  exposure 
ACALL  bin_readout 
AJMP  START 


WIN: 


; ;  windowed  mode 
Not  finished  yet.  Should  come 


soon 


Initialisation  of 


ACALL 

Comm 

MOV  C 

VSJL 

9 

A 

ACALL 

’Comm 

MOV  C_ 

VS_2 

9 

A 

ACALL 

Comm 

MOV  C 

_hs_i 

r 

A 

ACALL 

“Comm 

MOV  C_ 

_HS_2 

/ 

A 

ACALL 

Comm 

MOV  C 

_VL_1 

9 

A 

ACALL 

"Comm 

MOV  C 

_VL_2 

9 

A 

ACALL 

Comm 

MOV  C 

_HL_i 

9 

A 

ACALL 

Comm 

MOV  C 

_HL_2 

9 

A 

AJMP  ! 

START 

the  windowed  mode 

A  is  loaded  with  C_VS_1 
Current  Vertical  Start 
A  is  loaded  with  C_VS_2 


A  is  loaded  with  C_HS__1 
Current  Horizontal  Start 
A  is  loaded  with  C_HS_2 


A  is  loaded  with  C_VL_1 
Current  Vertical  Length 
A  is  loaded  with  C_VL_2 


9  9 
•  • 
f  / 
•  • 
r  f 


A  is  loaded  with  C_HL_1 
Current  Horizontal  Length 
A  is  loaded  with  C_HL_2 


BAFAG*  }}  back  and  forth  autoguiding 

"MFSESS  Ifk  windowed  exposure  of  a  zone 
located  near  the  output  amplifier, 

••  certain  number  of  reverse  vertical  shifts  at 

periodic  interval  to  put  the  charges  back  to  their 
original  location.  This  operation  is  performed  at 
I.  periodic  intervals  with  the  shutter  closed. 


AJMP  START 

GE0.  .;  geostationnary  satellite  detection 

!!  Jxture  of  scan  and  short  stare  . 

SSs^S  every^  or  so  seconds.  The  idea  is  to  drive 
;;  ttf?eSscopeat  sidereal  rate,  anddriftthecharges 
I  ,  toward  the  horizontal  register  at  j^ereal  rate.  This  way 
••  aeostationary  sources  appear  as  points  whereas 
”  stars  aredrif  ted .  When  the  stare  mode  is  applied 

I';  stars  integrate  as  point  sources  "^“^“^appear 
, ,  drift.  When  scan  mode  is  resumed,  the  sat  pp 

••  as  a  second  dot  near  the  first  one,  shifted  in  RA. 
n  as  a  seconu  ..  aa4-p  the  images  (  the  time 

•  *  The  stare  exposure  allows  to  aare  v 

;;  Sife  rurs  s  r 

detection  should  look  for  RA  aligned  pairs  of  stars  of 
••  similar  brightnesses 


ajmp  start 


TRAP : 

Test  for  traps  in  ccd  charaes  back 

ACALL  erase 
ACALL  exposure 
ACALL  baf 
ACALL  readout 
AJMP  START 


• •  Temperature  readout 

;;  Function  which  sets  ^^^temperature  probe 

;  ££\S  STSSSS  mainly'^to^ad^possifcle  Slays  -tween 
\ ;  the  instructions 


Temp: 


SETB  CASC 
SETB  STCVT 
NOP 

CLR  STCVT 
CLR  CASC 
RET 


•  puts  the  converter  in  cascade  mode 

•  starts  a  conversion 
;  wait  a  little 

•  stops  the  conversion  pulse 

•  puts  the  converter  in  normal  mode 

:  end 


•  communication  procedure,  it  and'^modify1^ 

1  tf  necessa^depending  of  the  clock  frequency  of 
;  the  master  board  8051. 

•  Time  out  procedure  added  HV 


Comm: 

;;  test  if  P0 . 1==1 r  stored  in  Carry  bit 
MOV  C ,  com_read 
JNC  Comm 

•:  Receive  counter  initialisation  to  8 
MOV  A,  #0x08  ;  ?  A  =  8 

*;  Data  register  initialisation  to  0 
MOV  B,  #0x00  7  7  B  0 

Receive  error  flag  initialisation  to  0 
MOV  R0,  #0x00 

start__comm: 

. .  Time  out  initialisation  to  its  maximum  value 
MOV  Rl,  #0xff 


wait_end_c lock_one * 

..  test  if  PO.l  ==  0,  stored  in  Carry  bit 
MOV  C ,  com_read 
JNC  data_receive 
djnz  Rl ,  wait_end_clock_one 

..  if  time-out  reached,  Rl  =  0,  default  flag  =  1 
MOV  R0 ,  #0x01 
MOV  A,  #0x01 

SJMP  wait_end_clock_one 
data_receive : 

• •  if  com  read  ==  0 ,  read  com_dat 
get  bits  already  received 
XCH  A,  B 
MOV  C,  com_dat 

. .  Rotate  A  right  through  carry 
RRC  A 

..  Save  data  already  received 
XCH  A,  B 

• •  indication  of  data  reception 
DEC  A 

. ;  Exit  reception  after  8  received  bits 
JZ  data_valid_test 

••  initialisation  of  receive  time_out  to  the  maximum 
MOV  Rl,  #0xff 

wait_end_clock_zero : 

;•  test  if  P0.1  =  If  stored  in  Carry  bit 
MOV  C ,  com_read 
JC  start  comm 

DJNZ  Rl,  wait_end_clock_zero 

if  time-out  ,  Rl  =  0,  flag  defaut  =  1 
MOV  R0,  #0x01 

data_valid_test : 

••if  alarm  flag  =  1,  data  is  not  valid 
"  CJNE  R0,  #0x01  ,  end_data_reception 

; ;  Wait  a  correct  message  reception 
SJMP  comm 

end_data__reception:  __lirn 

; ;  get  correct  command  and  return 

XCH  A,  B 


Appendix  4 
Cosmetic  quality  of 
10  CCD442A  CCDs 
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